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PEEFACE. 


The  present  treatise  is  intended  to  supply  yarions  wants^  and^ 
accordingly^  appeals  to  yarions  classes  of  readers.  In  the  first 
place^  it  gives  a  scientific  description  of  all  the  substances  occurring 
in  the  manufacture  of  sulphuric  acid^  alkali^  and  bleaching-powder^ 
either  as  raw  materials  or  finished  products^  according  to  the  most 
recent  statements^  and  thus  saves  the  reader  the  trouble  of  col- 
lecting the  latter  for  himself  whenever  he  stands  in  need  of  them. 
Secondly^  it  is  intended  as  an  aid  in  the  study  of  technical 
chemistry,  by  giving  a  complete  description,  both  technical  and 
theoretical,  of  all  the  processes  occurring  in  this  series  of  manu- 
factures.  Its  third  and  principal  object  is  to  give  to  practical 
manufacturers  both  complete  and  reliable  information  upon  all 
the  apparatus  and  processes  which  have  come  under  the  author's 
notice,  and  thus  to  enable  them  to  know  what  has  been  done  in 
this  field  beyond  the  range  of  their  own  personal  observation. 

These  objects,  especially  the  third,  could  not  be  accomplished 
without  treating  the  matter  in  question  far  more  in  detail  and 
more  in  the  style  of  a  monograph  than  has  been  hitherto  at- 
tempted. Much  space  is  taken  up  by  the  discussion  of  the  innu- 
merable publications,  in  the  English,  German,  and  French  Ian- 
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under  different  circumstances  the  employment  of  different  pro- 
cesses is  not  merely  permissible,  but  frequently  imperative.  Even 
from  decidedly  antiquated  processes  the  modem  manufacturer 
may  derive  suggestions  for  fresh  improvements.  It  was  not  very 
easy  to  marshal  the  enormous  array  of  facts  thus  accumulated, 
without  fatiguing  the  reader  and  enhancing  the  difficulty  of  study- 
ing the  book ;  but  the  author  has  endeavoured  to  accomplish  this 
task,  by  giving  decided  prominence  to  the  processes  now  in  general 
use,  and  grouping  the  others  around  them,  appending  critical 
remarks  as  to  their  practicability,  wherever  this  was  possible.  It 
cannot  be  fairly  expected  that  in  all  and  every  case  he  should  have 
succeeded  in  discriminating  the  wheat  from  the  chaff;  some  of  the 
processes  reconmiended  by  him  may  in  the  meantime  have  been 
replaced  by  better  ones ;  there  will  be  hardly  any  larger  manufac- 
tory which  does  not  in  particular  points  exhibit  some  improve- 
ments upon  the  apparatus  and  processes  as  described  here;  but 
the  author  believes  he  is  not  mistaken  in  asserting  that  he  has 
missed  nothing  of  importance,  and  that,  looking  at  the  very  large 
store  of  facts  offered  by  him,  even  the  most  experienced  manu- 
facturer might  derive  valuable  information  from  this  treatise. 
Without  this  conviction  the  author  woidd  not  dare  to  come  before 
the  public  with  a  work  pretentious  by  its  very  size. 

The  illustrations  are  very  numerous,  to  a  great  extent  from 
working-drawings,  nearly  all  drawn  to  scale,  and  with  such  details 
that  furnaces  and  other  apparatus  can  be  constructed  from  them 
without  any  further  assistance.  Many  of  these  are  obtained  by 
the  favour  of  some  of  the  largest  and  best  alkali-makers ;  and  they 
are  all  the  more  valuable,  as  only  the  most  approved  forms  of 
apparatus  have  been  selected. 

Whatever  in  this  book  is  taken  from  previous  publications  is 
nearly  always  quoted,  with  chapter  and  section,  or  volume  and 
page ;  so  that  the  studious  reader  may  verify  it  or  pursue  the 
subject  further.     The  remainder,  so  far  as  it  is  not  common  pro- 
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perty,  is  taken  from  the  author's  own  observations,  at  the  works 
formerly  managed  by  himself  or  elsewhere.  An  appendix  at  the 
end  of  the  second  volume  will  embrace  the  publications  appearing 
during  the  time  this  treatise  is  in  the  press,  and  additional 
information  obtained  by  the  author  from  private  sources  during 
the  same  time ;  and  an  exact  reference-index  will  facilitate  its  use. 

The  Polyteclmic  School,  Ziiricli, 
April  1870. 
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Among  all  brandies  of  chemical  industry  the  cycle  of  technical 
operations  connected  with  alkali-making  is  preeminent,  not 
merely  from  the  magnitude  of  the  works  and  the  absolute  bulk  of 
the  raw  materials  used  and  the  quantity  produced,  but  also  from 
the  fact  that  most  other  chemical  products  require  one  or  more 
branches  of  alkali-making  as  the  conditions  of  their  own  existence. 
We  use  the  expression  '^  alkali-making  ^'  in  its  widest  sense,  em- 
bracing the  manufacture  of  sulphuric  acid,  sulphate  of  soda, 
muriatic  acid,  soda-ash,  &c.,  and  bleaching-powder ;  and  we  include 
in  it  also  those  works  which  do  not  complete  the  cycle,  but  stop, 
for  instance,  at  sulphate  of  soda  or  even  at  sulphuric  acid  itself, 
since  most  factories  making  these  as  intermediate  products  are 
also  sellers  of  them,  and  no  strict  separation  can  be  made  in  this 
respect.  In  this  wider  meaning  the  products  of  alkali-making 
are  necessary  materials  for  many  metallurgical  processes,  for  the 
manufacture  of  artificial  manures,  soap,  fatty  and  mineral  oils, 
glass,  paper,  many  inorganic  and  organic  colouring-matters  (espe- 
cially nearly  all  coal-tar  dyes),  and  even  of  many  articles  of  food, — 
that  is  to  say,  for  nearly  all  branches  of  manufacturing  chemistry. 
It  can  be  truly  said  that  the  manufacture  of  acids  and  alkali  is 
the  foundation  upon  which  the  whole  chemical  industry  of  our 
times  is  built  up,  and  that  such  industry  cannot  be  much  developed 
in  any  country  not  possessing  a  flourishing  alkali  trade,  or  not 
being  at  least  specially  well  situated  for  buying  the  produce  of  the 
latter.  It  is  thus  evident  how  great  is  the  importance  of  the  alkali 
trade  in  its  wider  meaning  to  the  civilization  of  mankind,  though 
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we  should  certainly  be  going  too  far  if  we  measured,  as  some  have 
done,  the  civilization  of  a  country  by  the  development  of  this 
special  industry. 

The  diflFerent  branches  of  alkali-making  mentioned  above,  to 
which  may  be  added  several  by-products  only  obtained  in  certain 
works  (such  as  copper,  iron-oxide,  regenerated  sulphur,  Epsom- 
salts,  chlorate  of  potash,  bicarbonate  of  soda,  chloride  of  barium, 
&c.),  are  organically  connected  in  such  a  maimer  that  only  under 
special  local  conditions  can  one  or  more  of  the  principal  substances 
be  omitted.  The  initial  process  is  nearly  always  the  manufacture 
of  sulphuric  acid  by  burning  brimstone  or  pyrites  with  the  aid  of 
nitrate  of  soda  and  of  fuel,  in  many  cases  leaving  a  residue  from 
which  copper,  iron-oxide,  and  even  silver  are  obtained.  The  sul- 
phuric acid  then  enters  largely  into  manufactures  not  belonging 
to  this  cycle,  of  which  only  that  of  superphosphate  is,  as  a  rule, 
conducted  on  a  sufficiently  large  scale  to  admit  of  the  establish- 
ment of  works  for  it  exclusively.  With  this  one  very  large  and  a 
few  small  exceptions,  the  manufacture  of  sulphuric  acid  is  at  once 
followed  in  the  same  works  by  a  second  step,  viz.  the  manufacture 
of  sulphate  of  soda  by  decomposing  common  salt  with  sulphuric 
acid,  muriatic  acid  appearing  as  a  by-product.  Both  articles  are 
again  required  in  several  other  chemical  industries,  and  are  accord- 
ingly sold  as  they  are ;  but  for  the  most  part  they  only  serve  as 
intermediaries,  the  sulphate  being  further  worked  up  to  soda-ash, 
the  muriatic  acid  to  bleaching -powder ,  more  rarely  to  chlorate  of 
potash,  at  the  same  works.  For  these  purposes,  of  course,  new 
raw  materials  have  to  be  introduced  into  the  manufacturing  cycle, 
of  which  we  cannot  as  yet  treat.  Only  this  must  be  pointed  out — 
why  the  cycle,  whose  principal  members  are  sulphuric  acid  (vitriol) , 
sulphate  of  soda,  muriatic  acid,  and  bleaching-powder,  is  mostly 
completed  in  one  and  the  same  factory,  seeing  that  each  of  the 
first-mentioned  products  forms  a  raw  material  for  many  other 
chemicals  besides  soda-ash  and  bleaching-powder  themselves.  A 
principal  reason  for  this  is,  that  the  two  acids,  sulphuric  and  muri- 
atic, both  from  their  liquid  state  and  their  extremely  corrosive 
properties,  require  a  very  costly  and  at  the  same  time  fragile  kind 
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of  packing  which  is  also  so  bulky  that  the  cost  of  transit  of  those 
acids  for  any  great  distance  becomes  very  large*. 

Naturally,  therefore,  those  manufacturers  who  required  sul- 
phuric acid  in  very  large  quantities  set  to  make  it  themselves,  in 
order  to  save  the  cost  of  packing  and  carriage.  Since  sulphuric 
acid  can  only  be  made  advantageously  on  a  large  scale,  for  some 
time  sulphate  of  soda  was  the  only  article  for  which  its  own  acid 
was  made  at  the  same  works ;  and  to  this  day  this  is  the  case  at 
well-nigh  all  sulphate  works.  Only  lately,  and  quite  generally 
only  in  Great  Britain,  has  the  manufacture  of  superphosphates 
become  so  important  that  the  establishment  of  vitriol-works  for 
this  exclusive  purpose  has  become  possible. 

Some  works  stop  at  this  stage ;  that  is,  they  sell  their  sulphate 
of  soda  as  such,  either  for  the  manufacture  of  glass  &c.  or  to 
alkali  works ;  especiaUy  is  this  the  case  in  countries  where  fuel  is 
too  dear  for  making  alkali  with  a  profit.  The  calcined  sulphate  of 
soda,  or  saltcake,  is  a  solid  body,  easily  carried,  not  merely  in  ordi- 
nary casks,  but  loose,  in  whole  truck-  or  ship-loads.  On  the 
other  hand,  the  muriatic  acid,  which  appears  as  an  imavoidable 
by-product,  is  in  the  same  predicament  as  vitriol ;  that  is  to  say, 
the  expense  of  packing  and  carriage  forbids  its  sale  in  large  quan- 
tities and  conveyance  to  great  distances.  Very  frequently  (though 
certainly  much  more  rarely  now  than  formerly)  the  muriatic  acid, 
liquefied  solely  for  the  sake  of  not  laying  waste  the  vegetation  of 
the  country  around,  was  run  into  the  nearest  watercourse,  whose 
water  was  any  thing  but  improved  by  it.  It  was  therefore  a  matter 
of  importance  to  utilize  the  muriatic  acid  in  a  form  in  which  the 
difficulties  of  transit  were  overcome ;  and,  fortunately,  such  a  form 
had  been  found,  even  before  the  development  of  the  alkali-manu- 
facture, in  blecuihing -powder.  Probably  all  works  not  going  beyond 
saltcake  are  compelled  to  utilize  their  muriatic  acid  in  some  way ; 
and  they  do  it  mostly  by  the  production  of  bleaching- powder,  more 
rarely  by  that  of  chlorate  of  potash,  of  bicarbonate,  or  by  using  up 
liquid  acid  itself. 

*  In  the  case  of  sulphuric  Rcid|  the  glass  carboys  have  receutly  been  partly 
superseded,  as  we  shall  see  further  on. 
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By  far  the  largest  quantity  of  sulphate  of  soda  is  used  for 
making  from  it  soda-ash  (alkali)  according  to  the  method  of 
Leblanc ;  and  nothing,  therefore,  was  more  natural  than  that  the 
alkali- works  should  produce  their  own  saltcake,  which  necessarily 
led  to  manufacturing  the  vitriol  required  for  the  saltcakc,  and  also, 
unless  the  muriatic  acid  could  be  sold  or  run  to  waste,  to  utilizing 
it  in  the  way  just  described.  Thus  the  chain  on  the  whole  was 
complete ;  for  the  further  utilization  of  soda-ash  is  too  multifarious, 
and  the  manufactures  using  it  arc  on  their  part  too  complicated, 
for  them  to  have  been  grafted  upon  alkali-making.  The  only 
important  exception  to  this  is  the  manufacture  of  soap,  which  cer- 
tainly is  frequently  carried  on  as  an  accessory  to  alkali-making,  but 
is  not  generally  included  in  this  term,  and  will  not  be  described 
in  this  treatise. 

The  actual  circumstances  are  in  practice  much  more  varied  than 
those  described  here ;  but  mostly  they  again  lead  to  a  combination 
of  the  branches  of  manufacture  mentioned.  Thus,  for  instance,  there 
are  works  which  make  their  best  profit  in  selling  muriatic  acid,  or 
the  articles  made  with  its  aid.  These  must  at  least  make  their  own 
vitriol  and  their  sulphate  of  soda  in  order  to  obtain  muriatic  acid. 

Sut  since,  in  most  cases,  the  sale  of  sulphate  is  restricted,  and 
does  not  pay  (owing  to  its  cheapness)  for  carriage  to  long 
distances,  except  by  water,  the  manufacturer  ultimately  is  obliged 
to  convert  it  into  alkali,  even  if  the  selling-price  of  the  alkali 
does  not  cover  the  expense  of  making  it.  The  muriatic  acid  and 
the  products  made  from  it  must  then  make  good  the  deficiency,  and 
leave  a  margin  for  profit  besides. 

The  following  Table  will  make  the  above  clearer :  it  is  princi- 
pally taken  from  a  paper  of  Mr.  Mactear's  ("  On  the  Growth  of 
the  Alkali  and  Blcaching-powdcr  Manufacture  of  the  Glasgow 
District) ;  and  it  is  hardly  necessary  to  state  that  the  figures  con- 
tained in  it  are  only  valid  for  the  St.-Kollox  Works,  and  that  the 
by-products  are  different  in  different  works ;  the  end-products  and 
intermediate  products  are  distinguished  from  the  raw  materials  by 
variations  in  type  : — 
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SULFHTJBIC    ACID. 


CHAPTER  I. 

CHEMICAL  AND  PHYSICAL  PROPERTIES  OF  THE  OXIDES 

OF  SULPHUR. 

Sulphur  gives  the  following  compounds  with  oxygen,  partly  also 
with  hydrogen,  most  of  which  have  some  importance  in  the  manu- 
facture of  sulphuric  acid  or  soda-ash : — 

IV 

SO4H2    Hydrosulphurous  acid HSO-OH 

(Hyposulphurous  acid  of  Boscoe.) 

IV       Q 

SO9        Sulphur  dioxide    S^q 

(Sulphurous  anhydride.) 

vyO 
SO3        Sulphuric  anhydride S==0 

SOj-OH 
SjOyH,    Pyrosulphuric  acid  \  O 

SO3-OH 

SO4H8    Sulphuric  acid  ^^OH  °^  ^^''(oH 

IV 

S^Og       Sulphur  sesquioxide S=0 

l>0 

s«=o 


SgOgH,  Hyposulphiurous  acid SO^^^tt 


icia ou<2^gj 

(Thiosulphuric  acid.) 
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SgOgHa  Dithionic  acid    SO^-OII 

(Hyposulphnric  acid.)  SO^— OH 

SsOgTIj  Trithionic  acid  ^<SO*-OII 

Sfis^i  Tetrathionic  acid   S-SOj-OU 

S-SOg-OII 

SgOgH^  Pcntathioiiic  acid S<^g  _  SO*— Oil 

Only  tlie  second,  third,  and  fourth  compounds  of  this  series 
are  sufficiently  imi)ortant  for  our  purpose  to  be  described  iu 
detail  (principally  according  to  Gmelin-Krant's  'Handbuch  der 
Chemie,^  6th  edition,  the  newer  literature  Ixjing  constantly  con- 
sulted) . 

Sulphur  Dioxide,  SOj. 
(Sulphurous  Acid,  Sulphurous  Anhydride.) 

Sulphur  dioxide  contains  50  parts  by  weight  of  sulphur  and  50 
I)arts  of  oxygen.  It  is  a  colourless  gas  of  sufibcating  smell,  neither 
combustible  nor  supporting  combustion ;  in  presence  of  water  it 
exhibits  pretty  strongly  acid  properties,  and  at  the  same  time  exerts 
a  bleaching  action  upon  many  organic  colouring-matters.  Vapour- 
density  2*21126  (air  =1).  A  litre  of  the  gas  weighs  2*86  grms. 
By  cooling  below  —10°  C,  or  by  strong  pressure  at  the  ordinary 
temperature,  it  can  be  condensed  to  a  liquid  of  the  specific  gravity 
1*49  at  —20°  C,  from  which,  by  rapid  evaporation,  the  solid 
compound  can  be  obtained. 

The  compound  80^  is  only  the  anhydride;  but  it  is  very  frequently 
called  "sulphurous  acid,''  the  real  hydrated  acid  (SOgllj)  not 
being  obtainable.  This  hypothetic  acid,  according  to  the  pro- 
perties of  its  salts,  is  represented  by  either  of  the  following 
formulae : — 

SO<^g    or    HSOa-OU. 

a   •   • 

In  any  case  both  hydrogen  atoms  can  be  replaced  by  metals  &c. 
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The  oxide  SO^  is  produced  by  burning  brimstone^  and  by  heat- 
ing (roasting)  many  metallic  sulphides^  in  the  presence  of  air — by 
the  action  of  strong  mineral  acids^  both  on  its  own  salts^  the  sul- 
phites^ and  on  the  hyposulphites  (thiosulphates)  and  all  polythionic 
acids — ^by  heating  sulphuric  anhydride  with  brimstone,  or  by  heat- 
ing oil  of  vitriol  with  brimstone,  coal,  organic  substances,  or  several 
metals — by  strongly  heating  the  vapour  of  sulphuric  anhydride,  or 
sulphuric  acid,  along  with  oxygen,  and  respectively  water — and  by 
igniting  many  sulphates,  whereby  the  sulphuric  anhydride  first 
Uberated  at  once  splits  up  into  sulphur  dioxide  and  oxygen. 

Thus  sulphur  dioxide  is  produced  from  sulphuric  acid  or  anhy- 
dride (in  many  ways)  by  reductive  processes.  But,  on  the  other 
hand,  the  sulphur  dioxide  passes  over,  even  more  easily,  into  sul- 
phuric acid  by  oxidation  processes ;  and  it  is  accordingly  one  of  the 
most  frequent  and  potent  reducing  agents.  Under  certain  condi- 
tions, by  the  action  of  light,  of  the  electric  current,  or  of  a  very 
high  temperature  and  pressure  combined,  the  sulphur  dioxide  splits 
up  into  sulphur  and  sulphuric  anhydride.  In  the  presence  of  oxygen 
(for  instance,  that  of  atmospheric  air),  or  of  bodies  easily  parting 
with  their  oxygen  (such  as  the  higher  oxides  of  nitrogen,  of  man- 
ganese, of  lead),  sulphuric  acid  or  its  salts  are  formed.  A  very  im- 
portant reaction  is  that  between  SO^  and  sulphuretted  hydrogen, 
HgS.  "When  completely  dry,  the  two  gases  do  not  seem  to  act 
upon  each  other.  Even  in  the  presence  of  moisture  no  action 
takes  place  if  the  temperature  is  above  400°  C.  (E.  Mulder).  At 
the  ordinary  temperature  water  and  sulphur  are  produced,  but  at 
the  same  time  always  pentathionic  acid,  according  to  the  equation 

5S04+5HaS  =  S506H2  +  4H20  +  5S. 
Probably  there  is  simultaneously  this  action. 


SOa+2H,S=2H.O  +  S 


3> 


according  to  the  proportion  of  the  two  gases  in  the  mixture. 

With  water  sulphur  dioxide  docs  not  form  sulphurous  acid  proper, 
SO3H2,  but  only,  imder  certain  conditions,  a  solid  compound  with 
much  more  water  (9,  11,  or  15  HgO  to  SO^),  which  has  not  yet 
l)ecn  definitively  investigated.  The  sulphur  dioxide  dissolves 
pretty  freely  in  water ;  and  this  solution  behaves  in  every  way  as 
if  it  contained  the  real  acid  SOgH^ ;  but  constantly,  even  at  the 
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ordinary  temperature,  the  dioxide  (SO^)  evaporates  from  it.  One 
volume  of  water  absorbs,  under  760  millims.  pressure  and  at  QP, 
nearly  80  volumes  SO^.  The  coefficient  of  absorption,  according 
to  Bunsen  and  Schonfeld,  at  temperatures  ranging  between  OP  and 
20°,  is 

79-789 -2-6077  / +0029349 1^ ; 

at  temperatures  between  21°  and  40°, 

75-182-2-1716/ +  0-01903 /«. 

The  saturated  acid  contains  at  0°  68*861  volumes  of  gaseous  SO^, 
and  has  a  specific  gravity  of  1-06091 ;  at  10°  it  contains  51*383 
volumes  gaseous  SOg,  aud  has  the  spec.  grav.  1-05472;  at  20°, 
36-206  volumes  SO^,  spec.  grav.  1*02386.  The  absorbed  gas 
docs  not  escape  on  freezing — and  on  boiling,  only  completely  after 
a  long  time.  Alcohol  absorbs  a  much  larger  volume  of  sulphur 
dioxide  (at  0°  and  0*76  metre  pressure,  328*62  volumes  SO^) . 

A  table,  not  very  much  deviating  from  the  above  statements,  of 
the  solubility  of  sulphur  dioxide  in  water  at  0*76  metre  mercurial 
pressure  at  diflferent  temperatures,  is  given  in  Kopp  and  Will's 
'  Jahresberichte '  for  1861,  p.  54. 

Anthon's  Table  of  the  Densities  of  Solutions  of  Sulphurous  Acid 

in  Water  (Jahresb.  1860,  p.  694). 


Specific  graTity. 

Per  cent.  SO,. 

1005 

0-95 

1009 

1-90 

1-013 

2-86 

1016 

♦       3-82 

1020 

4-77 

1023 

5-72 

1027 

6-68 

1-031 

7-63 

1036 

8-59 

1046 

9-54 

Scott  (Pharm.  Soc.  Journ.  &  Trans,  xi.  p.  217)  gives  the  following 
Table  of  the  solubility  of  aqueous  sulphurous  acid  at  15°  C. : — 
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Per  cent  SO,. 

Specific  gravity. 

Per  cent.  S0„ 

Specific  grarity. 

0-5 

10028 

5-5 

10302 

10 

10056 

60 

10328 

1-5 

10085 

6-5 

10353 

20 

10113 

7-0 

1  0377 

2-5 

10141 

7-5 

10401 

30 

10168 

80 

1-0426 

3-5 

10194 

8-5 

1-0450 

40 

10221 

90 

10474 

4-5 

10248 

9-5 

10497 

50 

10275 

100 

10520 

According  to  Scott,  when  making  sulphurous  acid  (mixed  with 
COJ  by  the  process  mostly  used,  viz.  that  of  heating  oil  of  vitriol 
with  charcoal,  the  former  is  best  employed  with  74  per  cent. 
S03=165°Tw.  K  stronger  vitriol  be  used,  a  portion  of  it  is 
reduced  to  sulphur,  which  may  give  iron  sulphide  with  the  iron  of 
the  apparatus ;  with  weaker  acid  sulphuretted  hydrogen  is  formed. 
In  order  to  obtain  the  gas  as  pure  as  possible,  the  washing- 
water  should  be  mixed  with  lead  sulphate  or  coarsely  powdered 
charcoal. 

According  to  its  structural  formula,  sulphurous  acid  forms  two 
series  of  salts — saturated  or  neutral  ones,  SOgMg,  and  acid  ones, 
SOgMH,  isomorphous  with  the  carbonates. 

Sulphurous  acid,  apart  from  its  production  as  the  first  step  in 
the  manufacture  of  sulphuric  acid,  serves  for  many  other  purposes, 
especially  owing  to  its  reducing,  bleaching,  and  disinfecting  action, 
which,  however,  do  not  concern  us  here.  We  must  not,  however, 
omit  to  state  that  it  has  an  injurious  action  on  both  animal  and 
vegetable  organisms,  especially  the  latter — diflferent  trees,  shrubs, 
and  plants  being  sensitive  to  it  in  very  diflferent  degrees. 


Sulphuric  Anhydride,  SO3 
(Sulphur  Trioxide), 

consists  of  40  per  cent,  by  weight  of  sulphur,  and  60  per  cent,  of 
oxygen.  According  to  Marignac  and  Schultz-Sellack,  it  exists  in 
two  diflferent  modifications,  a  liquid  and  a  solid  one.  The  liqidd, 
a-anhydride  melts  at  -f  16°  C,  and  begins  to  boil  at  +  35°  (according 
to  Schultz-SeUack,  at  46°) .    Spec.  grav.  at  + 13°=  1'9546,  at  +  2QP 
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(melted)  =  1 '97.  In  the  melted  state  it  is  less  oily  than  oil  of 
vitriol,  and,  if  pure,  colourless,  but  usually  coloured  brown  by  dust. 
When  kept  for  some  time  at  the  ordinary  temperature  (below  25°) 
it  is  changed  into  the  solid,  |3-anhydride,  whose  melting-point  is 
stated  very  differently,  from  50°  to  100°  C.  Probably  it  begins 
to  melt  at  50°,  and  gradually  passes  over  into  the  a -modification ; 
it  slowly  evaporates  even  at  the  ordinary  temperature.  It  forms 
fine,  feathery,  asbestos-like,  white  needles.  The  |3-anhydride  is 
perhaps  a  polymer  of  the  a -modification.  According  to  11.  Weber, 
however  (PoggcndorfTs  Ann.  clix.  p.  313),  the  sulphur  trioxide, 
obtained  absolutely  pure  and  fi'ce  from  water  by  his  method,  is  at 
the  summer  temperature  a  very  mobile,  colourless  liquid,  which, 
on  gradually  cooling,  solidifies  to  long,  transparent,  prismatic 
crystals  similar  to  nitrate  of  potash,  quite  difierent  from  the  white, 
opaque  crystals  of  the  ordinary  anhydride  containing  a  little  water. 
These  crystals  melt  at  14°*8  C.  Under  certain  circumstances  the 
anhydride  can,  like  many  other  bodies,  be  cooled  much  below  its 
proper  melting-point  without  solidifying,  but  then  solidifies  sud- 
denly. After  a  twelvemonth  it  still  shows  the  same  composition 
and  the  same  melting-point  as  that  which  has  been  freshly  pre- 
pared. Weber  accordingly  rejects  the  assumption  of  two  dif- 
ferent modifications,  and  ascribes  the  phenomena  of  this  kind 
observed  by  others  to  a  minimal  residue  of  water. 

In  moist  air  sulphuric  anhydride  at  once  forms  dense  white 
fumes;  with  water  it  hisses  like  a  red-hot  iron.  Many  organic 
substances  are  at  once  charred  by  it.  In  the  complete  absence 
of  water  it  does  not  redden  litmus.  It  gives  several  compounds 
with  sulphur,  whose  colour,  with  the  quantity  of  sulphur  decreas- 
ing, changes  from  brown  to  green  and  blue.  In  the  blue  modi- 
fication Weber  has  proved  the  presence  of  the  sesquioxide,  S^Og. 
With  sulphur  dioxide  there  seems  to  exist  a  distinct  compound, 
SO2-I-2  SOg.  .With  water  SO3  at  once  combines  to  form  sulphuric 
acid  (SO4H2)  and  its  difierent  hydrates.  It  is,  however,  not  easy 
to  condense  the  sulphuric  anhydride  often  produced  in  considerable 
quantity  in  technical  processes  completely,  even  with  a  large  quan- 
tity of  water  and  manifold  contact ;  and  quite  special  precautions 
have  to  be  taken  for  this  purpose. 

The  anhydride  SO3,  when  conducted  through  a  red-hot  tube, 
splits  up  into  SO2  and  O,  but  is  reformed  from  these  gases  at  a 
somewhat  lower  heat,  especially  in  the  presence  of  platinum  and 
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several  metallic  oxides.     We  shall  see  the  technical  application  of 
this  reaction  later  on. 

For  scientific  purposes  the  sulphuric  anhydride  is  made  by  gently 
heating  fuming  oil  of  vitriol,  or  by  igniting  sodium  pyrosulphate 
(Na^SgOy) .  Its  production  in  a  perfectly  pure  state  is  described  by 
"Weber  (/.  c).  Almost  up  to  the  present  time  it  has  not  been  used 
for  technical  purposes,  owing  partly  to  the  costliness  of  its  produc- 
tion, partly  to  the  supposed  difficulty  of  handling  and  keeping  it. 
Quite  recently, 'however,  its  production  has  been  made  so  much 
cheaper  that  certain  branches  of  manufacture  already  employ  it 
advantageously.  Its  keeping  has  turned  out  to  be  a  very  simple 
affair,  as  it  can  be  sent  out  in  drums  made  of  tinned  iron.  Its 
handling  is  certainly  unpleasant,  since  the  contact  of  the  skin  with 
hquid  anhydride,  or  even  just  liquefying  by  absorbing  moisture, 
causes  very  malignant  and  slowly-curing  burns.  Its  production 
on  a  manufacturing  scale  will  be  described  in  Chapter  XYII. 

Pyrosulphuric  acid,  S2O7H2 
(Structural  formula,  SOg— OH 

SO,-OH), 

contains  as  constituents  89*89  parts  of  sulphuric  anhydride  and 
10*11  of  water,  or  equal  molecules  of  hydrate  and  anhydride. 
A  transparent  crystalline  mass,  melting  at  35°  C,  it  decom- 
poses at  moderate  heat  into  anhydride  (SOg)  and  oil  of  vitriol 

(SO«HJ. 

Pyrosulphuric  acid  is  contained  in  the  Nordhausen  fuming  acid 
of  trade,  which  often  consists  altogether  of  it,  and  then  bears  the 
trade  name,  "  solid  oleum.*'  Pyrosulphuric  acid  can  also  be  easily 
obtained  from  the  ordinary  liquid  fuming  Nordhausen  acid  by 
cooling  below  0°.  Lastly,  it  can  be  made  by  carefully  mixing 
anhydride  with  a  small  quantity  of  oil  of  vitriol.  Weber  (/.  c.) 
obtained  an  intermediate  hydrate,  H2SO4,  3  SO3,  corresponding 
to  94*69  per  cent,  of  SO3. 

Pyrosulphuric  acid  forms  salts,  of  which  those  of  the  alkaline 
metals  are  the  best-known  and  most  important.  Thus  sodium 
pyrosulphate  (S^O^Na^)  is  formed  by  fusing  acid  sodium  sulphate 
(S04NaH)  at  incipient  red-heat  (below  400°  C).  At  a  full  red- 
heat  it  splits  up  further  into  neutral  sulphate  (S04Na2)  and  sul- 
phuric anhydride  (SO3) ;  this  reaction  is  sometimes  utilized  for 
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producing  the  latter  compoimd.     In  contact  with  water,  the  pyro- 
sulphates  are  gradually  retransformed  into  acid  sulphates. 

A  compound  with  14'44}  per  cent,  HgO  can  also  be  obtained^ 
which  crystallizes  in  thin  transparent  prisms,  fumes  in  the  air,  and 
melts  at  26°  C.     Formula— 

SO2-OH  ^jr 

SHA^SOa,  or        >0     +2S02<>Ci; 

SOj-OH  ^^ 

TTie  Nordhausen  oil  of  vitriol,  the  manufacture  of  which  will  be 
described  in  the  17th  Chapter,  is  a  light-brown  viscous  oil  of  spec, 
grav.  1*896,  representing  a  mixture  of  pyrosulphuric  acid  with  sul- 
phuric hydrate  in  varying  proportions,  and  therefore  solidifying  at 
very  different  temperatures.  It  fumes  in  the  air,  and  boils  at  30° 
to  40°  C,  giving  out  vapours  of  anhydride,  often  25  per  cent,  and 
upwards,  whilst  monohydrate  remains  behind.  Water  transforms 
it  at  once  into  ordinary  oil  of  vitriol,  with  strong  evolution  of  heat. 
It  is  nearly  always  coloured  brown  by  organic  substances,  and,  ac- 
cording to  its  mode  of  preparation,  contains  many  other  impurities, 
such  as  iron,  sodium,  calcium,  aluminium,  &c.  (as  sulphates),  sul- 
phurous acid,  selenium,  organic  matters,  &c.  Since  the  receivers 
used  in  its  preparation  are  charged  with  ordinary  strong  vitriol,  the 
impurities  of  the  latter  will  likewise  pass  into  the  fuming  acid. 

Sulphuric  Acid. 
(Sulphuric  Hydrate.) 

Natural  occurrence  of  Sulphuric  Acid. 

Owing  to  its  strong  aflSnity  to  all  bases,  sulphuric  acid  can  only 
be  found  quite  exceptionally  in  the  free  state  in  nature ;  whilst,  on 
the  other  hand,  the  sulphates  are  found  most  extensively  and  some- 
times in  very  great  masses,  especially  gypsum  and  anhydrite,  which 
form  whole  geological  strata. 

In  the  free  state  sulphuric  acid  has  been  found  especially  in  a 
few  springs  of  volcanic  origin  and  in  the  rivers  fed  by  those  springs. 
One  of  the  best-known  cases  of  this  kind  is  the  Rio  Vinagre  or 
Pasambio,  taking  its  origin  from  the  volcano  of  Purace,  a  trachytic 
mountain  whose  top  is  covered  by  a  layer  of  pure  brimstone  18 
inches  deep,  and  which  constantly  sends  forth  gases  and  vapours. 
The  name  itself  proves  that  the  inhabitants  of  the  surrounding 
country  well  knew  its  acid  properties.    Its  water  was  examined  first 


SULPHURIC  ACID  FOUND  IN  NATURE.  17 

by  Humboldt,  then  more  exactly  by  Boussingault.  The  latter 
found  in  it  O'lll  per  cent,  free  sulphuric  acid  (calculated  as  SO3) 
and  0-091  per  cent,  free  hydrochloric  acid,  and  calculated  that  this 
river  daily  carries  into  the  sea  about  38  tons  of  both  acids.  The 
Rio  Vinagre  takes  its  origin  11,600  feet  above  the  level  of  the  sea, 
and  joins  the  river  Cauca,  into  which,  according  to  other  state- 
ments ('  Cosmos/  July  1869),  it  is  said  to  empty  daily  34,784  cubic 
metres  of  water  containing  37,61 1  kilog.  of  sulphuric  acid  and  31,654 
kilog.  of  hydrochloric  acid.  A  still  richer  source  exists  in  the  Paramo 
de  Ruiz,  a  volcano  in  New  Granada :  it  was  discovered  by  Degen- 
feldt  and  examined  by  Lewy,  who  found  in  it  0*5181  per  cent, 
free  sulphuric  acid  (SOg)  and  0*085  free  hydrochloric  acid. 

Other  waters  of  this  kind  are  found  at  Byrontown  in  the  State 
of  Tennessee,  in  the  lake  of  the  extinct  volcano  Mount  Indian 
in  Java,  at  Aix  in  Savoy,  in  a  grotto  of  Mount  Zoccolino  in 
Italy,  in  the  neighbourhood  of  Siena,  in  the  mud  of  the  volcanos 
of  Guatemala  and  San  Salvador,  in  the  sea-water  at  Santorin 
(where,  according  to  Landerer,  the  copper  oxide  on  the  ships' 
sheathing  is  dissolved  by  it),  and  in  the  hot  springs  near  the  sulphur- 
beds  at  Krisank  in  Iceland.  According  to  J.  W.  Mallet  (^  Chem. 
News,'  xxvi.  147),  similar  acid  waters  occur  in  the  Gulf  of  Mexico, 
not  far  from  the  mouth  of  the  river  Neches,  and  at  other  places  in 
Louisiana,  in  one  case  containing  5*290  grms.  SOg  H^  per  litre. 
During  the  blockade  of  the  Confederate  ports  in  the  American  war 
of  1861  to  1864  the  galvanic  batteries  of  the  telegraph  stations  in 
Texas  and  West  Louisiana  are  said  to  have  been  supplied  with  this 
natural  vitriol. 

Boussingault  ascribes  the  origin  of  such  volcanic  sulphuric  acids 
to  the  action  of  hydrochloric  acid  on  red-hot  sulphates ;  the  muri- 
atic acid  itself  is  generated  by  the  action  of  chlorides  and  aqueous 
vapour  on  trachytic  silicates.  Such  natural  sulphuric  acid  is  in 
any  case  also  formed  by  the  oxidation  of  pyrites  and  other  sulphur 
ores,  the  acid  being  expelled  by  heat  from  the  sulphates  generated  at 
first.  Miners  are  only  too  familiar  with  the  occurrence  of  free  acid 
in  pit- waters  from  similar  causes,  by  the  corrosion  of  metal  pumps 
and  steam-boilers ;  even  the  leather  of  the  valves  thereby  becomes 
brittle,  and  the  wooden  parts  are  charred.  In  the  case  of  vol- 
canos, sulphuric  acid  will  be  formed  by  the  oxidation  of  the  sul- 
phuretted hydrogen  and  the  sulphurous  acid  from  the  fuinarolcs 
and  solfataras. 
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Even  in  the  animal  kingdom  free  sulphuric  acid  has  been  found, 
viz.  in  the  salivary  glands  of  several  mollusks^  especially  of  Dolium 
galea,  which  contain  2*47  per  cent,  free  sulphuric  acid  and  0*4  per 
cent,  of  free  hydrochloric  acid  (Boedeker  and  Troschel ;  De  Luca 
and  Pauceri). 

Sulphuric  Acid,  Ordinary  Oil  op  Vitriol  &c. 

The  proper  sulphuric  hydrate,  SO4  Hj  or  S02<(^tt,  is  a  limpid 

oily  liquid  of  1*854  sp.  gr.  at  (f  C.  (Marignac)  or  1*857  (Kolb), 
1-842  at  12°,  1-834  at  24°  C.  It  solidifies  at  a  low  temperature  to 
crystals,  which  melt  at  + 10°'5  C,  but  generally  show  the  pheno- 
menon of  superfusion ;  that  is  to  say,  they  remain  liquid  a  good 
deal  below  the  above  temperature,  but  the  liquid  mass  solidifies 
directly  as  soon  as  a  crystal  of  the  solid  hydrate  is  introduced  into 
it.  It  does  not  fume  at  the  ordinary  temperature,  but  on  heating 
to  30°  or  40°  C,  when  its  dissociation  into  water  and  anhydride 
begins.  The  acid  begins  to  boil  at  290°;  but  it  does  not  distil 
unchanged,  a  mixture  of  hydrated  acid,  anhydride,  and  water 
passing  over;  the  boiling-point  rises  up  to  338°  C.  (Marignac), 
and  then  remains  constant. 

The  pure  monohydrate  has  the  formula  SO4  H,,  and  is  composed 
of 

Sulphur 32  32653 

Oxygen  64  65306 

Hydrogen 2  2041 

98  100000 
or 

Anhydride SO3  8163 

Water    H^O  18*37 

10000 

Accordingly  it  cannot  be  obtained  by  concentrating  or  distilling  di- 
lute acid,  but  only  by  the  addition  of  an  exactly  suflScient  quantity  of 
anhydride  to  the  acid  about  to  be  described,  or  by  expelling  the  an- 
hydride from  fuming  oil  of  vitriol  by  means  of  a  dry  current  of  air, 
or  by  cooling  oil  of  vitriol  below  0°.  The  real  sulphuric  hydrate 
is  therefore  only  a  scientific  curiosity,  and  without  any  technical 
importance. 
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The  strongest  oil  of  vitriol  obtainable  by  concentrating  ordi- 
nary pure  sulphuric  acid  contains  a  quantity  of  water  which  is 
not  stated  alike  by  diflferent  exact  observers  (Marignac,  Pfaundler, 
Boscoe^  Dittmar) ;  so  that  it  cannot  be  asserted  that  this  acid  con- 
stitutes a  compound  of  monohydrate  with  water.  The  statements 
diflfer  from  97-86  to  9899  per  cent,  of  SO4  H^  in  this  acid.  This 
distilled  sulphuric  acid  solidifies  a  little  below  0° ;  but  it  also  shows 
the  phenomenon  of  superfusion  in  a  very  high  degree.  Its  boiling- 
point  is  stated  by  Dalton  to  be  326°  to  327°  C. ;  by  Marignac,  338° ; 
by  Pfaundler  and  Polt,  315°  to  317°  C.  Usually  Marignac^s  state- 
ment is  considered  the  most  reliable ;  the  acid  of  Pfaundler  and 
Polt  probably  contained  a  little  more  water.  The  boiling  takes 
place  quietly  under  a  stronger  pressure  than  the  ordinary  one,  but 
at  a  lower  pressure  with  violent  bumping,  which  can  be  avoided  by 
putting  in  platinum  wire  or  scraps,  according  to  Dittmar  even 
better  by  conducting  a  slow  current  of  air  through  it  during  the 
boiling  (see  Chapter  XII.,  purification  of  sulphuric  acid). 

The  vapour  of  sulphuric  acid  in  any  case  consists  for  the  most 
part,  or  even  entirely  (according  to  the  temperature),  not  of  the 
molecules  SO4  Hg,  but  of  isolated  molecules  of  SO3  and  H^  O ; 
theory  would  give  to  SO4  H^  (2  vols.)  a  vapour-density  of  3*3862, 
for  separated  molecules  of  SO3  and  H^  O  (4  vols.)  a  vapour-density 
of  1-6931,  whilst  Devilleand  Troost  at  440°  found  it  actually  =  1-74. 
The  dissociation  is  therefore  as  good  as  complete  in  the  state  of 
vapour;  and  the  assumption  agrees  very  well  with  our  present 
notions  about  the  state  of  vapour  (since  Clausius),  that  also  below 
the  boiling-point  a  few  molecules  of  SO4H2  are  already  formed, 
from  which  all  the  above-described  phenomena  are  easily  explained 
(Dittmar, '  Chem.  News,'  xx.  258) . 

The  ordinary  English  oil  of  vitriol,  such  as  is  made  in  the  pla- 
tinum stills  of  the  factories,  apart  from  its  other  impurities,  always 
contains  a  little  more  water  than  the  distilled  oil  of  vitriol.  The 
ordinary  acid  of  170°  Tw.  (most  of  the  acid,  so-called,  of  170°  Tw. 
would  only  show  166°  or  even  less  with  a  properly  graduated  hydro- 
meter) contains  about  93  to  94  per  cent,  of  monohydrate  and  6  to 
7  per  cent,  of  water, — which  cannot  be  made  to  square  with  certain 
atomic  proportions;  the  sesquihydrate,  2  SO4  Hg-l-HgO,  would 
contain  8*41  per  cent,  of  water — that  is,  rather  more  than  the  ordi- 
nary strong  vitriol.  It  is  difficult  to  state  any  thing  very  certain 
on  this  point,  since  the  hydrometers  are  not  accurate  enough  for 
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such  high  percentages,  and  since  a  very  small  difference  in  their 
indications  answers  to  a  considerable  difference  in  the  percentage 
of  water  in  the  acid.  Baume^s  hydrometers,  which  are  those 
almost  universally  used  on  the  continent,  and  66°  of  which  ought 
to  correspond  to  the  strongest  oil  of  vitriol,  are  often  made  by  im- 
mersing them  in  commercial  vitriol,  and  putting  the  figure  66°  to 
the  point  thus  reached ;  such  hydrometers  are,  of  course,  useless 
for  accurate  work.  For  technical  purposes  it  is  mostly  sufficient 
to  assume  that  the  ordinaiy  strong  vitriol  is  equivalent  to  the  sesqui- 
hydrate,  2  SO4  Hg  +  Hg  O,  which  corresponds  to  a  molecular  weight 
of  214,  or  to  an  equivalent  weight  (for  each  hydroxyl)  of  53*5,  and  to 
a  percentage  of  8*41  water ;  according  to  Bineau^s  table,  acid  of 
1*843  at  0°  or  1-830  at  15°  C.  will  almost  exactly  answer  to  this. 
Such  an  acid  shows  65^°  with  the  rational  Baume's  hydrometer,  at 
15°;  but  the  hydrometers  used  at  the  factories  usually  show  ^°  in 
excess  of  this. 

The  only  rational  hydrometer  on  Baume^s  system,  resting  on  a 
mathematical  basis,  and  therefore  always  obtainable  in  a  uniform 
manner,  is  that  graduated  according  to  the  formula 

,_    144-3 
144-3 -w' 

which  is  deduced  as  follows  (Ilofmann's  ^  Official  Report  on  the 
Vienna  Exhibition,'  1875,  i.  p.  180)  :— 

If  a  hydrometer  sinks  in  water  up  to  0°,  and  in  a  second  liquid 
D  of  the  density  d  only  up  to  n°,  the  two  unequal  volumes  of  liquid 
displaced  must  have  the  same  weight,  viz.  that  of  the  hydrometer. 
If  the  latter  weight  is  called  G  (taking  as  a  imit  the  weight  of  a 
volume  of  water  corresponding  to  the  volume  of  one  degree  of  the 
scale),  we  have 

The  weight  of  the  volume  of  water  displaced  by  the 
hydrometer =     G 

The  weight  of  an  equal  volume  of  the  liquid  D,  with 
a  density=(/ Gd 

The  weight  of  the  water  displaced  by  n  degrees  of 
the  scale n 

The  weight  of  an  equal  volume  of  the  liquid  D nd 

Now  it  is  evidently  the  latter  weight  by  which  the  two  weights 
Gd  and  G  differ;  and  we  have  accordingly 

Gd —  O = nd, 


BAUME^S  HYDROMETER.  21 

from  which  follows 


G-n  d-l 

For  the  case  of  sulphuric  monohydrate  of  the  density  of  1*842  at 
15°  C,  in  which  Baum^^s  hydrometer  is  to  sink  down  to  66°,  the 
value  of  G,  by  substituting  the  above  values  for  d  and  n  in  the  last 
equation  is  found  =144*3,  and  accordingly 

144-3 


J= 


144-3— w' 


The  figure  144*3  appearing  in  this  equation  is  the  weight  of  the 
hydrometer,  if  the  weight  of  a  volume  of  water  corresponding  to 
the  volume  of  one  degree  of  the  scale  be  taken  as  unit.  The  so- 
called  Dutch  hydrometer  is  constructed  from  a  formula  very  closely 
approaching  the  above,  viz. 

144 


J= 


144—7* 


and  its  figures  accordingly  deviate  so  little  from  those  of  the  rational 

hydrometers,  that  we  need  take  no  further  account  of  it ;  the  degree 

66**  in  this  case  answers  to  the  specific  gravity  1*847,  against  1*842 

of  our  "  rational  ^'  hydrometer.     The  original  Baume^s  hydrometer 

was  not  made  according  to  a  formula,  but  in  this  way : — The 

instrument  was  first  immersed  in  pure  water  and  then  in  a  ten- 

per-cent.  solution  of  pure  common  salt  in  water  (whose  spec,  grav., 

according  to  Gerlach,  at  14°  R.  is  =1*0731 10) ;  the  space  between 

these  two  points  was  then  divided  into  10  equal  degrees,  which  were 

continued  upwards.    According  to  Gerlach  (Dingl.  Joum.  cxcviii. 

315)  the  formula 

100  _. 

100- (0-6813  xn) 

can  be  deduced  from  this,  and  the  degree  66°  on  such  a  hydrometer 
is  only  =1-81706  spec,  grav.,  which,  according  to  Bineau  and  Kolb's 
table,  is  only  =65°  on  the  proper  hydrometer  (see  below).  This 
confusion  is  very  much  to  be  regretted ;  but  in  order  to  lessen  it, 
we  shall  here  tabulate  the  degrees  of  Baume's  hydrometer  accord- 
ing to  Gerlach,  those  according  to  the  above  rational  formula 
(according  to  Kolb),  and  those  according  to  Twaddlers  hydrometer ; 
the  diflferent  columns  show  the  specific  gravity  corresponding  for 
each  hydrometer  to  the  degree  of  the  first  column  placed  opposite 
to  it. 
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national 

1 

1 

Degrees. 

Baura^'fl 

Hydrometer 

(Gerlach). 

Hydroiiiotor, 

Twaddle's 
Hydrometer. 

Degrees. 

Baiim^'s 

Hydrometer 

((Jerlach). 

144-3-w 

1 

1-0068 

1-007 

1-005 

44 

1-4281 

2 

10138 

1-014 

1-010 

45 

14421 

3 

10208 

1-022 

1015 

46 

l-45t'>4 

4 

1  0280 

1-029 

l-(>20 

:      47 

1-4710 

5 

103:)3 

1-037 

1-025 

.      48 

1-4860 

6 

1-0426 

1-045 

1-030 

49 

1-5012 

7 

10501 

1-052 

1-035 

50 

1-5167 

8 

10576 

l-0<iO 

1-040 

51 

1-5325 

9 

i-o<ir>3 

1-067 

1-(H5 

;       52 

1-5487 

10 

10731 

1-075 

1-050 

53 

1-5652 

11 

10810 

1083 

1-055 

54 

1-5820 

12 

1081K) 

1-091 

1-060 

55 

1-5993 

13 

1-0972 

1-100 

1065 

56 

1-(U69 

14 

11054 

1108 

1070 

1      57 

l-6;^9 

16 

11138 

1116 

1-075 

!      58 

i-65as 

16 

112'J4 

1-125 

1-080 

59 

1-6721 

17 

11310 

1-134 

1-085 

60 

1-6914 

18 

1-1398 

1-142 

1090 

'      61 

1-7111 

19 

11487 

M52 

1-095 

62 

1-7313 

20 

11578 

1162 

1-100 

;      63 

1-7520 

21 

11670 

1-171 

1105 

64 

1-7731 

22 

11763 

1-180 

1-110 

65 

l-7m8 

23 

1-1858 

1190 

1-115 

66 

1-8171 

24 

11955 

1-200 

1-120 

07 

1-83^)8 

25 

1-2053 

1-210 

1-125 

68 

l-8«;32 

26 

1-2153 

1-220 

1-130 

'      69 

1-8871 

27 

1-2254 

1231 

1-135 

70 

1-9117 

28 

1-2357 

1-241 

1140 

71 

1-9370 

29 

1-2462 

1-252 

1146 

72 

l-9(i29 

30 

l-25(')9 

1-2(53 

1-150 

i      73 

1-9895 

81 

1-2677 

1-274 

1-155 

74 

20167 

32 

1-2788 

1-285 

1-160 

75 

2-0449 

33 

1-2901 

1-21»7 

1-1('>5 

76 

•••••• 

34 

1-3016 

1-308 

1-170 

77 

35 

1-3131 

1-320 

1-175 

78 

36 

1-3250 

1-332 

1-180 

79 

37 

1-3370 

1-315 

1-185 

'      80 

38 

1-3494 

1-357 

1190 

81 

39 

1-3619 

1-370 

1-195 

82 

40 

13746 

1-383 

1-200 

83 

41 

1-3876 

1-3J»7 

1-205 

84 

42 

1-4009 

1-410 

1-210 

85 

43 

1-4143 

1-424 

1-215 

86 

HTOROUITEB8. 
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Bational 
H3rdrometer, 
144-3 


d^ 


144-3-w* 


1438 
1-453 
1-4(58 
1483 
1-498 
1514 
1-530 
1540 
1-563 
1-580 
1-597 
1-615 
1-634 
1-652 
lii71 
1-691 
1-711 
1-732 
1-753 
1-774 
1796 
1819 
1-842 


Twaddle's 
Hydrometer. 

Degrees. 

1-220 

87 

225 

88 

230 

89 

235 

90 

240 

91 

245 

92 

250 

93 

■255 

94 

260 

95 

265 

96 

270 

97 

275 

98 

280 

99 

285 

100 

290 

101 

295 

102 

300 

103 

'305 

104 

310 

105 

315 

106 

320 

107 

325 

108 

330 

109 

335 

110 

340 

HI 

345 

112 

350 

113 

355 

114 

360 

115 

d(^ 

116 

370 

117 

375 

118 

380 

119 

385 

120 

390 

121 

395 

122 

400 

123 

405 

124 

410 

125 

415 

126 

4*20 

127 

425 

128 

1-430 

129 

1 

Twaddle's 
Hydrometer. 


1-435 
1440 


445 
460 
455 
4<U) 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
530 
535 
540 
545 
550 
555 
560 
565 
570 
575 
580 
585 
590 
595 
1-600 
1-605 
1-610 
1-615 
1-620 
1-625 
1-630 
1-635 
1-640 
1645 


Degrees. 


Twaddle's 
Hydrometer. 


130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
160 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


1 
1 
1 
1 
1 
1 
1 
1 


-650 
-655 
-660 
-665 
-670 
•675 
•680 
•685 
1-690 
1-695 
-700 
-705 
•710 
•715 
1-720 
1-726 
•730 
-735 
•740 
745 
-750 
-755 
-760 
765 
•770 
-775 
1-780 
1-785 
1-790 
1-795 
1-800 
1805 
1-810 
1-815 
1-820 
1-826 
1-830 
1-835 
1-840 
1-846 
1850 


1 

1- 

1 

1 

1 

1 

1 

1 

1 

1 
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Whilst  a  sesquihydrate  of  sulphuric  acid  cannot  be  established 
as  a  certain  chemical  compound^  the  double  hydrate,  SO4H4+  HgO, 
is  known  with  certainty.  It  crystallizes  from  rather  more  dilute 
acid,  for  instance,  acid  of  144°  Tw.  in  the  cold.  It  contains  84*48 
monohydrate  +]5"52  water  (or  68-97  anhydride -f  31 '03  water), 
melts  at  -f8°  C,  but,  owing  to  superfusion,  generally  only  solidifies 
below  this  temperature  (for  instance,  in  the  depth  of  winter) ;  at 
205°  to  210°  C.  it  already  loses  1  mol.  H^O,  and  leaves  ordinary 
oil  of  vitriol  behind.  The  crystals  form  large  clear  hexagonal 
columns  with  six-pointed  end-faces.  Spec.  grav.  1*78  to  1*79. 
By  the  crystallization  of  this  hydrate  carboys  are  often  cracked  in 
winter ;  acid  of  144°  Tw.  and  the  like  ought  therefore  only  to 
be  warehoused  in  places  where  the  temperature  will  not  sink 
too  low — ^for  instance,  below  the  acid-chambers.  Stronger  or 
weaker  acid  can  be  exposed  to  the  cold  of  winter  without  any 
danger. 

Sometimes,  according  to  Ure,  a  third  hydrate,  SO4H2  +  2H9O, 
is  assumed,  because,  on  diluting  strong  vitriol  with  water  down  to 
this  point  (that  is,  corresponding  to  73*13  per  cent,  monohydrate, 
or  69*70  per  cent,  of  anhydride),  the  largest  contraction,  viz.  from 
100  volumes  to  92*14  volumes,  takes  place.  Bourgoin  (Bull.  Soc. 
Chem.  [2]  xii.  433)  infers  the  same  from  observations  on  electro- 
lyzing  dilute  vitriol.  The  density  of  this  mixture  is  stated  dif- 
ferently by  diflFerent  observers : — by  Graham,  at  1*6321 ;  by  Bineau, 
1*665;  by  Kolb,  1*652;  by  Jacquelain,  1*6746.  According  to 
Liebig  it  boils  at  163°  to  170° ;  between  193°  and  199°  it  loses  one 
molecule  of  water,  and  is  changed  into  S04H2-f  HgO  (Graham). 

The  percentage  of  real  acid  in  dilute  sulphuric  acid  is  mostly 
ascertained  by  its  specific  gravity,  and  this  mostly  by  the  hydro- 
meter. The  statements  of  difierent  observers  on  this  point  cer- 
tainly diflfer  very  much,  even  taking  into  account  the  temperature 
and  the  uncertainty  in  the  relation  between  Baume^s  degrees  and  the 
specific  gravity.  In  the  following  the  older  tables  of  Vauquelin, 
Darcet,  Dalton,  Ure,  &c.  are  neglected ;  only  that  of  Bineau,  which 
is  most  in  use,  and  the  newest  one,  that  of  Kolb  (Bull,  de  la  Soc. 
Industr.  de  Mulhouse,  1872,  pp.  209,  238),  are  given,  as  well 
as  the  very  useful  accessory  tables  furnished  by  Kolb. 
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Bineau^s  Table  of  the  percentage  of  Hydrate  and  Anhydride  in 

Aqueous  Sulphuric  Acid. 


At 0**C.,  percenter 

At  15'*  0.,  ] 

per  cent,  of 

Degrees 
(Baum^). 

Spec, 
grayity. 

k 

Hydrate, 

Anhydride, 

liydrate, 

Anhydride, 

SO^  Hj. 

SO3. 

80,  H,. 

SO3. 

5 

1-036 

51 

4-2 

5-4 

4-5 

10 

1-075 

10-3 

8-4 

10-9 

8  9 

15 

1116 

15-5 

127 

16-3 

13-3 

20 

1161 

21-2 

17-3 

22-4 

18-3 

25 

1-209 

27-2 

22-2 

28-3 

23-1 

30 

1-202 

33-6 

27-4 

34-8 

28-4 

33 

1-296 

37-6 

30-7 

38-9 

31-8 

35 

1-320 

40-4 

33-0 

41-6 

34-0 

36 

1-332 

417 

34-1 

43-0 

351 

37 

1-345 

431 

35-2 

44-3 

36-2 

38 

1-357 

44-5 

36-3 

45-5 

37-2 

39 

'  1-370 

45-9 

37-5 

46-9 

38-3 

40 

1-383 

47-3 

38-6 

48-4 

39-5 

41 

1-397 

48-7 

39-7 

49-9 

40-7 

42 

1-410 

50-0 

40-8 

51-2 

41-8 

43 

1-424 

51-4 

41-9 

525 

42-9 

44 

1-438 

52-8 

43-1 

54-0 

44-1 

45 

1-453 

543 

44-3 

55-4 

45-2 

46 

1-468 

557 

45-5 

56-9 

464 

47 

1-483 

57-1 

46-6 

58-2 

47-5 

48 

1-498 

58-5 

47-8 

59-6 

487 

49 

1-514 

CO-0 

49-0 

61-1 

50-0 

50 

1-530 

61-4 

50-1 

62-6 

511 

51 

1-546 

62-9 

51-3 

63-9 

522 

52 

1-563 

64-4 

52-6 

65-4 

53-4 

53 

1-580 

65-9 

53-8 

66-9 

54-6 

54 

1-697 

67-4 

55-0 

68-4 

55-8 

55 

1-615 

68-9 

56-2 

70-0 

571 

56 

1-634 

70-5 

57-5 

71-6 

58-4 

57 

1-652 

72-1 

58-8 

73-2 

59-7 

58 

1-671 

73-6 

601 

74-7 

610 

59 

1-691 

752 

61-4 

76-3 

62-3 

60 

1-711 

76-9 

62-8 

780 

63-6 

61 

1-732 

78-6 

64-2 

79-8 

65-1 

62 

1753 

80-4 

657 

817 

667 

63 

1-774 

82-4 

67-2 

83-9 

68-5 

64 

1-796 

84-6 

69-0 

86-3 

70-4 

65 

1-819 

87-4 

71-3 

89-5 

73-0 

65-5 

1-830 

89-1 

727 

91-8 

74-9 

65a 

1-837 

90-4 

73-8 

945 

771 

66 

1-&42 

91-3 

74-5 

100-0 

81-6 

66-2 

1-846 

92-5 

75-5 

664 

1-852 

950 

77-5 

666 

1-857 

100-0 

81-6 
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The  specific  gravities  found  at  a  temperature  /°C.  can,  according 

to  Bineau^  be  reduced  to  a  temperature  of  0^  by  multiplying  with 

144*38 

— - ;  or  the  following  Table  can  be  used  for  correction : — 

X  Mi  X  OO  "^  ' 

Decrease  of  epccific  gravity 
bj  a  rifle  of  10°  C.  in  tempera- 
ture, or  increase  by  a  fall 
of  lU^  C. 

04  0002 

•07  0003 

10  0004. 

15  0005 

•20  0-006 

30  0007 

45  0-008 

70  0009- 

85  0-0096 


Specific  grarity  of  the 
acid  at  O**. 


1 
1 
1 
1 
1 
1 
1 
1 


On  mixing  sulphuric  acid  and  water  a  certain  contraction  takes 
place,  so  that  the  volume  of  the  mixture  is  rather  less  than  that  of 
its  two  constituents.  This  matter  has  been  treated  in  detail  by 
Karmarsch  (^  Dingler's  Journal/  ccxxvi.  449) . 


Kolb*8  Table  of  the  percentage  of  real  acid  in  aqueous  sulphuric  acid 

at  15°  C: 


Degrees 

Spec. 

100  parts  by  weight  contain 

1  litre  contains  i 

m  kilograms 

(Baum^). 

grar. 

Acid 

Acid 

Acid 

Acid 

SO,. 

SO.Hjp 

of(;o° 

Baume 

of  53° 
Baurn^ 

SO3. 

SO^Hj. 

of  60^ 
Baam£ 

of  53° 
Baum6 

0 

1000 

0-7 

0-9 

1-2 

1-3 

0007 

(xm 

0-012 

0O13 

1 

1-007 

1-5 

1-9 

24 

2-8 

0015 

0-019 

0-024 

00-28 

2 

1-014 

23 

2-8 

3-6 

42 

002s 

0-0-28 

0-036 

0042 

3 

1022 

3-1 

3-8 

4-9 

5-7 

0-032 

0039 

0-050 

0-a')8 

4 

1029 

3-9 

4-8 

6-1 

72 

0-040 

0-049 

0063 

0-074 

5 

1037 

47 

5-8 

7-4 

8-7 

0-049 

00<H) 

0077 

0-090 

6 

1045 

5-6 

6-8 

8-7 

102 

0-059 

0-071 

0-091 

0107 

7 

1052 

6-4 

7-8 

10-0 

11-7 

o-mi 

0082 

0-105 

0-123 

8 

1060 

72 

8-8 

11-3 

13-1 

0076 

0-093 

0120 

0139 

9 

1-067 

8-0 

9-8 

12-6 

14-6 

0085 

0-105 

0134 

0-156 

10 

1075 

8-8 

10-8 

13-8 

161 

0095 

0116 

0148 

0-173 

11 

1083 

9-7 

11-9 

15-2 

17-8 

0105 

0-129 

0165 

0193 

12 

1-091 

10-6 

130 

16-7 

19-4 

0-116 

0-142 

0182 

0-211 

13 

1-100 

11-5 

141 

181 

21-0 

0126 

0155 

0-l<.)9 

0-231 

14 

1-108 

12-4 

15-2 

19-5 

227 

0137 

0-168 

0-216 

0-251 

15 

1116 

13-2 

lG-2 

20-7 

24-2 

0147 

0181 

0-231 

0-270 

BPECIPIC  OKATITY  OV  BtJLPHUBIC  ACID. 

Koli't  Table  (continued). 


100  pnrU  bj  n 

■ightco 

nUin 

1  lilra  containe 

DrgrcM 

[aiumi). 

gfBT. 

Acid 

Arid 

Acid 

Acid 

SO,. 

SO.H,. 

DtB0° 

of  53° 

80,. 

SO,  n.,. 

of  110° 

of63° 

BauWBaum£ 

Sataat 

Bsumi 

in 

1125 

141 

17-3 

22-2 

25-8 

0-159 

0105 

0-250 

0-290 

17 

Its* 

151 

18-5 

237 

27-6 

0-172 

0-210 

0-209 

0-313 

18 

1-142 

m-o 

10-e 

25-1 

29-2 

0-183 

0-224 

0-287 

0-333 

19 

1152 

17-0 

20-8 

2II-S 

31-0 

0-l!« 

0-230 

0-306 

0-357 

20 

1-Hi2 

18-0 

2-2-2 

28-4 

ail 

0-209 

0-258 

0-330 

0-385 

21 

1171 

190 

233 

29-8 

34-8 

0-222 

0273 

0-349 

0-407 

22 

MttO 

ai-0 

245 

31-4 

30-6 

0-23H 

0-280 

0-370 

0432 

23 

1190 

21-1 

25-8 

33-U 

38-5 

(>2.^.1 

0-307 

0-303  1  0-468 

1» 

l-a» 

271 

34-7 

405 

0-2(15 

0-325 

0-410  1  0-480 

1-211) 

232 

28-4 

36-4 

424 

0-281 

0-344 

0-440  !  0-513 

•la 

\-J2fi 

24-2 

20-« 

37-9 

44-2 

0-20S 

0'3(il 

D-4il3  '0'r<39 

L>7 

i-asi 

M5-3 

310 

30-7 

4t;-3 

0-311 

0-382 

0-480  1  0-570 

28 

W41 

ai-3 

32-2 

41-2 

481 

0326 

0-400 

0-511  1 0-597 

20 

lii2 

2T3 

33-4 

42-8 

49-0 

U-.142 

0-418 

0-530    Oii26 

30 

l-2fi3 

283 

347 

44-4 

51-8 

0-3.'J7 

0-438 

0-501 

0-664 

31 

1274 

20-4 

30-0 

4(1-1 

53-7 

0-374 

0-459 

0-587 

0084 

32 

i-as-i 

30-5 

37-4 

47-0 

f.y-8 

0-392 

0-481 

0U16 

0-717 

33 

1-207 

317 

38-8 

407 

57-0 

0-411 

0-.W3 

0-045 

0751 

31 

1-3U8 

328 

40-2 

51-5 

GOH) 

0-429 

o-:eio 

0074 

0-785 

35 

1-320 

33-0 

41-« 

53-3 

021 

0-447 

0-W9 

0-7(»4 

0-820 

30 

1-332 

351 

43-0 

5f.-l 

(H-2 

0-468 

0-.'73 

0-734 

o-anc 

37 

1-345 

3«-2 

444 

6(10 

66-3 

0-487 

0-507 

0-705 

0-89-2 

38 

l-3,'i7 

37-2 

45-5 

58-3 

67-9 

0605 

Oill7 

0-791 

0-921 

39 

1-370 

88-3 

46-9 

600 

700 

0-525 

0-642 

0-822 

0-950 

40 

1363 

311-5 

48-3 

111-9 

72-1 

O-.Wl 

0*08 

0-856 

0-907 

41 

1-3K7 

40-7 

40-8 

63-8 

743 

0-,W9 

O-dUO 

0-891 

1-038 

42 

l-41tl 

41-8 

51-2 

65-6 

7(i-4 

o-.'ieo 

0-722 

0-9-26 

1-077 

43 

1-424 

42-9 

52-(( 

67-4 

78-5 

o-nii 

0-749 

0-900 

1-108 

44 

1-438 

44-1 

54-0 

(101 

80-6 

0-1534 

0-777 

OOW 

1169 

45 

1-453 

452 

56-4 

709 

82-7 

0-(157 

0-805 

1-030 

1-202 

40 

v-m 

4fi-4 

5G'9 

72-9 

84-9 

0081 

0836 

-070 

1-246 

47 

1-483 

47-C 

58-3 

747 

87-0 

0-70(1 

0'8('4 

■108 

1-290 

4S 

1-198 

4«-7 

M6 

76-3 

890 

0730 

0893 

-143 

1-333 

4D 

1-514 

408 

61-0 

78-1 

01-0 

0-754 

0-9-23 

-182 

1-378 

M 

i-.-ao 

51-0 

62-5 

800 

93-3 

0780 

0*56 

-224 

1-427 

fil 

1-640 

52-2 

li4-0 

82-0 

05-5 

0-807 

0-990 

-208 

1-477 

52 

I-5.-a     535 

65'5 

830 

97-8 

0-«3(( 

1-024 

1-311 

1-6-J9 

53 

I-5S0  '  54  0 

67-0 

85-8 

1000 

O-HiT 

1-0.^9 

1-365 

1-580 

M 

1-597  i  50-0 

(lfi-0 

878 

10-^4 

0-8tH 

1-005 

1-402 

1-036 

55 

I  R15  ,  r.7-1 

70O 

80-0 

UM-5 

0-922 

1131 

1-447 

1-668 

A6 

1-C:«     68-4 

71-8 

'ill 

IIIG9 

0064 

1-170 

1-499 

1-747 

r.7 

l-«52     5!»-7 

7:i-3 

937 

ll«-2 

0-08(1 

1-210 

i-r^is 

1-MH 

56 

1-671  1  CIO 

747 

95-7 

111-5 

lfll9 

1-248 

1-509 

1-863 

59 

l-GStl     (lLi4 

7«4 

97-8 

IHO 

1-055 

1^13 

1-054 

1-928 

60 

1711 

(i3-8 

78-1 

loo-o 

1160 

1-092 

i-:«o 

1711 

1-9115 

fll 

1-732 

C5-2 

70-0 

i(r2-3 

119-2 

1-120 

1-384 

1-772 

2-006 

fi2 

1-753 

(H57 

817 

I(V4-tl 

1219 

1169 

1-432 

1-838 

2-137 

<UI 

1-774 

C87 

841 

1077 

125-5 

1-219 

1-4U2 

1-911 

222(1 

K4 

1-7W 

70fl 

86-5 

110-8 

129-1 

1-2(18 

i-eiH 

lIHtO 

2-319 

m 

1-819 

732 

80-7 

114-8 

133-8 

1X^2 

i-g;)2 

2-0S8 

2-434 

m 

1-8*2 

81-0 

100-0 

128-0 

149-3 

1-503 

1-842 

2-368 

2-760 
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In  this  Table  the  hydrometer-degrees  of  Bauin^  were  fixed  by 
putting  the  zero  at  the  immersing-point  in  pure  water,  and  the 
degree  66  in  pure  hydrate  of  1'842.  This  agrees  with  the  formula 
deduced  above. 

It  would  be  very  desirable,  as  Hasenclever  points  out  (Hofmann's 
Report,  i.  181),  if  all  sulphuric-acid-makers  used  the  same  reduction- 
tables  for  their  calculations ;  for  in  the  statements  on  the  yield  of 
acid,  and  in  many  other  cases,  frequently  diflFerent  tables  are  used ; 
so  that  the  working  results  of  different  factories  are  not  always 
comparable  with  each  other.  This  very  clearly  appears  from  the 
following  comparative  Table : — 


Degrees 
(Baimi6). 

Spec. 
Grav. 

(Kolb). 

Percentage  of  SO^Hj,  in  the  Vitriol  according  to 

Vauque- 
lin. 

D'Arcet 

Tables  of  different  works. 

Bineau. 

Kolb. 

10 

1075 

11-73 

•  •  • 

11-5 

11-40 

•  •  • 

10-98 

11-0 

10-8 

20 

1162 

2401 

•  •  • 

23-3 

23-46 

■  •  • 

21-97 

22-4 

22-2 

30 

1-263 

36-52 

•  •  • 

36-9 

36-(50 

•  •  • 

35-93 

34-9 

347 

40 

1-383 

50-41 

•  •  • 

51-6 

51-49 

•  •  • 

49-94 

48-4 

48-3 

50 

1-530 

66-54 

66-45 

66-9 

66-17 

63-8 

63-92 

02-7 

62-5 

GO 

1-711 

84-22 

82-34 

83-3 

82-80 

79-4 

79-90 

780 

78-1 

66 

1-842 

10000 

10000 

1000 

100-00 

940 

97-87    lOOO 

100-0 

The  totally  incorrect  tables  of  Vauquclin  and  D'Arcet  are  used, 
up  to  the  present  time,  exclusively  in  the  south  of  France. 

Kohlrausch  (Poggend.  Ann.  Erganzungsband  viii.  p.  675)  points 
out  that  the  real  hydrate,  SO^Hg,  does  not  present  the  maximum 
density  of  sulphuric  acid  as  all  the  tables  state  it,  but  that,  in 
really  pure  hydrate,  if  water  be  carefully  squirted  on  the  top, 
slowly  sinking  drops  are  obtained.  He  found  that  the  densities  of 
concentrated  acid  at  18°  (water  at  4°C.  =  1)  were: — 

Specific 
gravity. 

1-8372 
1-8383 
1-8386 
1-8376 
1-8342 

According  to  these  observations  of  Kohlrausch,  it  appears  as  if 
the  maximum  density  of  sulphuric  acid  corresponded  exactly,  or 
nearly  so,  to  that  acid  which  distils  over  unchanged. 


t.  byweight 

Specific 
gravity. 

Per  cent,  by  weight 
of  SO^Hj. 

90 

1-8147 

96 

91 

1-8200 

97 

92 

1-8249 

98 

93 

1-8290 

99 

94 

1-8325 

100 

95 

1-8352 
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The  figures  given  in  the  tables  refer  only,  of  course,  to  pure  acid, 
and  cannot  be  accepted  unconditionally  as  true  for  the  ordinary 
acid  of  trade,  which  always  contains  impurities.  Kolb  has  exa- 
mined also  into  this  matter,  and  has  determined  the  influence  of 
the  common  impurities  upon  the  density  of  sulphuric  acid,  viz. 
that  of  lead  sulphate,  of  the  oxygen  compounds,  of  nitrogen,  and 
of  sulphurous  acid.  Arsenic,  and  perhaps  iron,  usually  occur  in 
too  small  a  quantity  in  sulphuric  acid  to  influence  its  density ;  but 
certainly  there  may  be  cases,  not  mentioned  by  Kolb,  in  which  vitriol 
is  strongly  contaminated  with  salts  of  iron,  aluminium,  sodium,  &c. 
The  iron,  for  instance,  may  come  from  pyrites-dust,  aluminium  from 
the  packing  of  the  Glover  tower,  or  from  .the  fire-clay  frequently 
employed  for  stopping  leaks ;  sodium  from  solutions  of  nitrate  or 
sulphate  of  soda,  which  sometimes  get  into  the  chambers  by  inad- 
vertence :  I  have  even  found  zinc  in  the  same  in  very  perceptible 
quantity  after  a  plumber  had  emptied  his  machine  direct  into  the 
chambers. 

For  saturated  solutions  of  sulphurous  acid  in  sulphuric  acid  of 
varying  density,  Kolb  gives  the  following  Table  (Bull.  Soc.  Ind.  de 
Mulhouse,  1872,  p.  224)  * :— 


Pensitj  of  Sulphuric  Acid 

Quantity  of  SO2  dissolved 

Before  being  satu- 
rate! with  SO^. 

Jfter  being  satu- 
rated with  SO^. 

Per  kilog. 
Acid. 

Per  litre 
Acid. 

1-841 
1839 
1-540 
1-407 
1-227 
1-000 

1-837 
1-831 
1-641 
1-419 
1244 
1041 

0009  kUog. 
0O14     „ 
0021      „ 
0-032     „ 
0068-     „ 
0-135     „ 

5  8  litres. 

8-9      „ 
11-2      „ 
15-9      „ 
29-7      „ 
490      „ 

•  The  Table  is  corrected  by  dividing  the  last  column  by  10.  The  necessity  of 
this  correction  is  apparent  on  calculation,  and  especially  on  comparing  the  last 
figure  (for  pure  water)  with  well-known  facts.  It  is  remarkable  that  those 
copying  Eolb*8  table  have  not  been  struck  by  the  contradiction  of  putting 
68  litres  of  SO^  per  litre  sulphuric  acid=9  grms.  SO^  per  kilog.,  &c.,  and  of  as- 
suming a  solubility  of  490  vols.  SO,  in  1  vol.  water.  Rosenstiehl,  in  his  Report 
(Bull.  Mulh.  p.  242),  speaks  of  the  58-fold  volume  for  concentrated  acid ;  and 
the  others  follow  him.  Whether  the  error  rests  on  a  printer's  mistake  or  a 
miscalculation  must  be  left  imdecided ;  but  another  error  in  Kolb's  large  table 
given  above,  which  must  bo  a  printer's  mistiike,  and  which  ought  to  have  been 
noticed  directly,  has  also  been  copied  imaltered  into  Dingler's  '  Journal '  and 
Wagner's  '  Jahresbericht.'  The  last  two  figures  of  the  last  column  but  one  are 
given  as  2-388  and  2-068  j  cakulation  shows  that  it  ought  to  be  2-088  and  2*368, 
fts  here  given. 
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In  this  Table  it  strikes  the  attention  that  the  saturation  of  strong 
acid  with  SO,  somewhat  lowers  its  specific  gravity,  but  rather  raises 
that  otweak  acid ;  with  an  acid  of  1*510  both  tendencies  are  at  an 
equilibrium  and  the  density  is  not  changed. 

In  such  quantities  (up  to  saturation)  sulphurous  acid  certainly 
never  occurs  in  commercial  vitriol ;  and  it  is  very  rarely  that  more 
than  traces  of  it  are  found  therein,  since  it  does  not  agree  with 
the   nitrogen  oxides  which  are  most  frequently  found  in  com- 
mercial vitriol.     Nitric  acid  is,  if  at  all,  only  present  in  extremely 
small  quantities  in  the  vitriol  of  trade,  and  therefore  does   not 
modify  its  density  to  a  sensible  extent ;  especially  it  will  not  be 
found  in  vitriol  of  more  than  1 14°  Tw.,  except  perhaps  in  the  nitrous 
vitriol  from  the   Gay-Lussac   towers;   but  even   this,   according 
to  my  analyses    (see  below),  under  normal  conditions  contains 
mere  traces  of  NO3H.     Nitric  oxide  can  also  be  neglected;  con- 
centrated vitriol  does  not  dissolve  it  at  all ;  acid  of  1*426  sp.  gr. 
only  0*017  per  cent,  of  NO.     Nitrous  acid  certainly  has  a  very 
marked  influence  on  the  apparent  percentage  of  a  sulphuric  acid, 
according  to  the  hydrometrical  test,  although  only  in  ''nitrous 
vitriol  ^'  such  large  proportions  of  nitrous  acid  occur  as  to  iDfluence 
the  specific  gravity  of  the  sulphuric  acid.     In  order  to  estimate  this 
influence,  Kolb  conducted  into  sulphuric  acids  of  different  concen- 
trations a  mixture  of  dry  air  and  dry  nitric  oxide  in  excess,  sup- 
posing that  it  would  only  yield  N2O3,  not  NO^.     His  results  were 
as  follows  * : — 


Density  of 

100  parts  of  Acid  contain 

Quantity  of  SO^Hj 
which  pure  acid 

Aritl 

would  contain  if 
of  equal  spec.  grav. 

Pure 

saturated 

Before 

After  gaturati 

on. 

Acid. 

witli 

satura- 
tion. 

as  that  saturated 
with  N  A- 

NA. 

Traces 

'  SO,H,. 

1-841 

1-868 

999 

4-25 

lH-5 

? 

1-7W5 

1-814 

86-2 

412 

1-28 

82-8 

89-2 

1-749 

1-751 

81-4 

3-90 

1-55 

76-2 

81-4 

1-G21 

1-628 

70-7 

2-30 

1-10 

686 

71-0 

1-512 

1-519 

607 

0-74 

0-31 

60-2 

61-5 

1-426 

1-4;J4 

62-7 

0-25 

0-24 

53-0 

53-6 

1-327 

1-336 

42-2 

Oil 

0-76 

40-8 

1             43-4 

•  The  occurrence  of  nitric  acid  in  concentrated  vitriol,  after  conducting  NA 
into  it,  is  directly  contradicted  by  many  experiments  of  mine,  and  is  possibly  to 
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Nitrogen  ietroxide,  N^O^,  need  not  be  taken  into  account  here,  as 
for  all  analytical  purposes  it  behaves  like  a  mixture  of  N^Os  and 

With  respect  to  lead  sulphate  Kolb  found  that,  at  the  ordinary 
temperature,  there  were  dissolved  in 

100  parts  vitriol  of  1'841  spec.  grav.  0*039  part. 
100        „        „        1-793  „  0011     „ 

100        „         „        1-540  „  0003     „ 

In  more  dilute  acids  the  lead  can  hardly  be  estimated.  Nitric 
acid,  which  anyhow  occurs  in  very  small  quantities,  does  not 
strongly  influence  the  solubility  of  lead  sulphate  in  sulphuric  acid, 
nitrous  acid  not  at  all.  The  influence  of  lead  sulphate  on  the 
density  of  vitriol  can  accordingly  be  neglected  for  the  ordinary 
temperature. 

Although,  as  we  see,  the  impurities  of  ordinary  sulphuric  acid, 
leaving  aside  "  nitrous  vitriol,^'  have  very  little  influence  on  its  den- 
sity, still  the  latter,  at  the  highest  degrees  of  concentration,  is  no 
trustworthy  means  of  estimating  the  percentage  of  real  SO4H2  in  the 
acid,  even  when  the  correction  for  temperature  according  to  the 
Table  on  page  26  is  applied,  because  at  this  concentration  a  small  dif- 
ference in  density  corresponds  to  a  very  large  difference  in  percent- 
age. Least  of  all  in  this  case  can  the  ordinary  hydrometers  be  used. 
Many  factories  have  special  hydrometers,  in  which  the  last  few 
degrees  are  spread  over  a  large  area  and  are  subdivided  further ; 
but  anyhow  the  density  ought  to  be  estimated  by  more  accurate 
methods ;  for  the  hydrometers  are  frequently  not  reliable,  and  cer- 
tainly not  so  unless'  the  normal  temperature  for  which  they  have 
been  made  be  exactly  observed.  But  any  determination  of  den- 
sity for  estimating  the  percentage  of  the  very  strongest  acids 
must  now  be  rejected,  after  Kohlrausch^s  investigation  (p.  28). 
The  acids  from  96  per  cent,  upwards  ought  therefore  always  to  be 
estimated  alkalimetrically. 

The  following  Table  of  Anthonys  will  be  of  practical  value.  It 
shows  in  column  a  how  many  parts  oil  of  vitriol  of  170°  Tw.  must 
be  mixed  with  100  parts  water  at  15°  or  20°,  in  order  to  obtain 
an  acid  of  the  specific  gravity  A. 


be  explained  by  the  analytical  methods,  not  quite  trustTvorthy,  at  that  time  used 
(see  below) ;  or  else  the  gas,  in  that  case,  must  have  contained  NO,  after  all. 
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a.      ! 

*. 

a. 

*. 

1 

1 

A. 

*. 

1 

I         1 

1-009 

130  ; 

1-456 

370 

1-7-23 

2 

1-015 

140 

1473 

380 

1727 

5 

1-035 

150 

1-490 

390 

1-730 

10 

1-060 

160 

1510 

400 

1-733 

15 

1O90 

170 

1530 

410  . 

1-737 

20 

1113 

180 

1-54:3 

420 

1-740 

25 

1140 

190 

1-5:16 

430 

1-743 

30 

1-165 

200 

1-568 

440 

1-746 

35 

M87 

210 

1-5S0 

450 

1-750 

40 

1-210 

220 

l-5i>3 

400 

1-754 

45 

1->J9 

230 

li>« 

470 

1-757 

50 

1248 

244) 

1^-20 

480 

1-760 

55 

1-265 

250 

1-630 

490 

1-763 

60 

1 

•280 

260 

1-640 

5<30 

1-766 

65 

1 

2OT 

270 

li>48 

510 

1-768 

70 

1 

312 

280 

1U>4 

520 

1-770 

7.1 

1 

326 

290 

l-tW>7 

530 

1-772 

80 

1 

340 

300 

1-678 

540 

1-774 

85 

1 

357 

310 

1^9 

5:10 

1776 

90 

1 

372 

320 

1-700 

560 

1-777 

95 

1 

386 

330 

1-705 

580 

1-778 

100 

1 

398 

aw 

1-710 

590 

1-780 

no 

1 

420 

350 

1-714 

600 

1782 

120 

1-438 

360 

1-719 

On  nuxing  oil  of  vitriol  with  water  a  considerable  rise  of  tempe- 
rature takes  placc^  water  being  chemically  fixed  by  the  formation 
of  certain  hydrates^  as  described  above.  Besides^  on  mixing  con- 
centrated acid  with  water,  as  already  mentioned,  a  not  inconsider- 
able contraction  takes  place,  which  must  equally  lead  to  an  evolution 
of  heat.  But  on  mixing  strong  vitriol  with  snow  a  strong  cold  is 
produced  by  the  heat  becoming  latent  on  the  liquefaction  of  snow, 
which  considerably  exceeds  that  becoming  free  in  consequence  of 
the  chemical  combination.  This  cold,  however,  is  only  produced 
when  the  proportion  between  acid  aud  ice  does  not  exceed  certain 
limits :  for  1  part  of  vitriol  there  must  be  1^  part  of  snow  pre- 
sent ;  with  less  snow  there  is  a  rise  of  temperature. 

Although  there  is  nothing  to  show  that  hydrates  of  sulphuric 
acid  exist  with  more  than  2  H^O  to  1  SO4H2,  even  at  stronger  dilu- 
tion much  heat  is  liberated,  as  proved  by  the  experiments  of  Gra- 
ham, Hess,  Abria,  Favre,  Silvermann,  Andrews,  Thomson,  &c. 

The  evolution  of  heat  has  been  computed  by  Favre  and  Quaillard 
(Compt.  Rend.  1. 1150) : — for  the  mixture  of  1  gr.  sulphuric  mono- 
hydrate,  SO^Hj,  with 
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The   first   ^  molecule  of  water  .  .  9*66  metrical  units  of  heat. 


y^        a\J\J\^»A\A.       B^ 

>» 

99 

%f  \J-X 

99                         99 

„  second  \ 

yy 

99 

17-45 

99                         99 

„  second  ^ 

91 
93 

9} 
99 

28-90 

99                         99 

1 

66-44 

99                         99 

2 

99 

99 

99-54 

99                         99 

3 

99 

99 

118-33 

99                         99 

4 

99 

99 

130-36 

99                         99 

5 

99 

99 

139-39 

99                         99 

6 

99 

99 

146-39 

99                          99 

7 

99 

99 

152-43 

99                          99 

8 

99 

99 

157-18 

99                         99 

12 

99 

99 

168-03 

99                         99 

16 

99 

99 

172-96 

99                          99 

20 

99 

99 

175-23 

99                         99 

24 

99 

99 

176-67 

99                          99 

28 

99 

99 

177-56 

99                          99 

32 

99 

99 

178-22 

99                         99 

36 

99 

9J 

178-66 

99                          99 

40 

99 

99 

178-99. 

99                        99 

Cven  on  adding  the  sixtieth  molecule  of  water,  sulphuric  acid  still 
^ves  out  a  sensible  quantity  of  heat. 
Thomsen  (Dcutsch.  chem.  Ges.  Ber.  iii.  496)  gives  the  foUow- 


Qg  Table : — 


1 6272  heat-units. 

2 9364  „  ,, 

3 11108  „  „ 

5 13082  ,,  „ 

9 14940  „  ,, 

19 16248  „  ,, 

49 16676  ,,  „ 

99 16850  „  „ 

199 17056  ,,  „ 

499 17304  „  „ 

799 17632  „  „ 

1599 178W  „  „ 
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On  account  of  this  considerable  evolution  of  heat^  concentrated 
vitriol  and  water  must  always  be  mixed  with  care  :  the  water  ought 
never  to  be  poured  into  the  acid^  but  the  acid  run  in  a  thin  jet 
into  the  water  with  constant  stirring.  On  a  sudden  mixture^  so 
much  heat  is  liberated  at  once  that  the  acid  may  be  raised  to  the 
boiling-point  and  splash  about ;  and  glass  vessels  are  easily  cracked 
thereby. 

The  aflinity  of  vitriol  for  water  is  also  proved  by  its  great 
hygroscopicity.  Concentrated  vitriol  is  one  of  the  best  means  for 
drying  gases ;  and  it  is  not  only  used  in  this  way  for  innumerable 
scientific^  but  also  for  some  technical  purposes — for  instance^ 
in  the  manufacture  of  chlorine  by  Deacon^s  process,  where  the 
gaseous  mixture,  having  been  deprived  of  its  hydrochloric  acid  by 
water,  is  passed  through  a  coke-tower  fed  with  sulphuric  acid,  in 
order  to  be  deprived  of  its  moisture.  In  the  same  way,  chlorine 
gas  is  dried  for  the  process  of  utilizing  tinned  scrap-iron  by  treat- 
ment with  chlorine,  which  in  the  dry  state  does  not  act  upon  iron, 
but  gives  with  tin  anhydrous  tin  tetrachloride. 

Concentrated  sulphuric  acid  acts  also  upon  liquid  and  solid 
bodies  by  depriving  them  of  water  or  even  splitting  oflF  the  elements 
of  the  same  if  the  substance  only  contains  the  latter  but  no  readily 
formed  water.  Upon  this  action,  too,  a  host  of  scientific  and 
technical  applications  of  sulphuric  acid  are  founded.  In  this  case 
frequently  the  so-called  sulphonic  adds  are  formed,  generally  com- 
pounds easily  lending  themselves  to  further  reactions.  Instances 
of  this  are : — ^the  formation  of  ether  by  the  splitting-up  of  sulphu- 
ric acid,  with  the  intermediate  formation  of  sulphovinic  acid ;  that 
of  ethylene  on  the  further  splitting-off  of  water ;  the  preparation 
of  nitrobenzene,  picric  acid,  nitronaphthaline,  all  through  the  sul- 
phonic acids ;  the  manufacture  of  resorcine  and  alizarine  by  the 
alkaline  fiision  of  the  sulphonic  acids  of  benzene  and  anthraquinone, 
and  many  other  cases. 

The  charring  of  many  organic  substances,  such  as  wood,  sugar, 
8cc.,  by  contact  with  strong  vitriol,  is  derived  from  the  same  source. 
Necessarily  this  acid,  in  its  concentrated  form,  must  have  an  ex- 
tremely prejudicial  action  on  the  animal  body.  The  remedy  usually 
applied,  viz.  burnt  magnesia,  cannot  do  much  good  when  the  epi- 
thelium of  the  oesonhagus  and  the  stomach  are  once  destroyed. 

The  aflinity  of  concentrated  vitriol  for  water  is  also  shown  by  the 
fact  that  it  easily  runs  over,  when  kept  in  open  vessels,  by  attracting 
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moisture  from  the  air — a  fact  to  keep  in  view  in   the  case   of 
balances  &c. 

The  melting-points  of  sulphuric  acids  of  diflFerent  degrees  of 
concentration  are  given  by  Payen  as  follows  (but  not  all  of  his 
statements  agree  with  the  results  of  more  recent  researches  as 
quoted  above) : — 

Anhydride,  a  modification melts  at    +18 

/3  «  „  +100 

Subhydrate  (pyrosulphuric  acid) „  +35 

Monohydrate,  SO4H2 „  +   10*5 

The  same  with  a  very  small  addition  of  anhy-  1  ^^ 

dride J  ''  ""  '^^ 

The  same,  with  a  very  little  water  (ordinary  1  J 

oil  of  vitriol) /      ''      t  ^  30 

Dihydrate „  +8*5 

Sulphuric  acid  containing,  to  1  molecule  of  ^ 

acid,  3  molecules  of  water  or  more,  re-  r      >>  —  20 

mains  liquid  at J 

The  same,  in  vacuo „  —  40 

On  boiling  dilute  sulphuric  acid,  at  first  nothing  but  aqueous 
vapour  escapes ;  according  to  Graham,  only  then  is  acid  vapour 
mixed  with  the  steam,  when  no  more  than  2  molecules  of  water  are 
present  to  1  of  SO3 — that  is,  with  a  percentage  of  84*48  SO4H2  or  a 
specific  gravity  of  1*78.  After  several  discussions  about  the  loss  of 
sulphuric  acid  in  concentrating  it,  by  the  author.  Bode,  Walter, 
&c.,  it  may  be  assumed  that  in  manufacturing  practice  no  sensible 
loss  of  acid  takes  place  by  real  volatilization  up  to  a  strength  of 
144°  or  even  of  152°  Tw. ;  but  on  strong  boiling  there  is  always  a 
little  acid  carried  away  mechanically  in  the  shape  of  small  drops, 
especially  in  pans  fired  from  the  top  and  also  in  the  Glover  tower. 
When  the  evaporation  up  to  that  point  takes  place  quietly  at  a 
moderate  heat  there  is  probably  no  loss  of  acid  at  all. 

The  boiling -points  of  sulphuric  acid  of  different  strengths  have 
been  stated  by  Dalton  as  follows  : — 


d2 


36 


8VLPH0BIC  ACID. 


Specific 

Boiling 

Specific 

Boiling 

Specific 

Boiling 

gravity. 

at 

gravity. 

at 

gravity. 

at 

1-850 

32§ 

1-810 

oO. 
245 

1-699 

190 

1-849 

318 

1-801 

240 

1-684 

186 

1-848 

310 

1-791 

230 

1-670 

182 

1847 

301 

1-780 

224 

1-650 

177 

l-&t5 

293 

1-766 

217      1 

1-520 

143 

1-842 

284 

1-757 

212      1 

1-408 

127 

1-838 

277 

1-744 

204 

1-mK) 

116 

1-833 

268 

1-730 

198 

1-200 

107 

1-827 

200 

1-715 

194 

1100 

103 

1-829 

253 

• 

It  stands  to  reason  that  this  Table,  made  in  the  beginning  of 
this  century,  requires  revising ;  so  much  is  certain,  that  the  specific 
gravity  of  the  monohydrate  is  assumed  too  high,  and  its  boiling- 
point  agrees  neither  with  the  statement  of  Marignac  (338°)  nor 
with  that  of  Pfaundler  (317°).  The  author  has  therefore  again 
examined  this  matter  (Ber.  d.  deutsch.  chem.  Ges.  xi.  370),  and 
has  found  the  following  result : — 

Table  I. 


Specific 
gravity. 

Tempe- 

Spec. grav. 

Percent- 

Boiling- 

Barometer 

rature. 

reduced  to 

age  of 
SO.Ha. 

point. 

reduced  to  0°. 

°0 

15°0. 

OO. 

Millims. 

1-8380 

17 

1-8400 

95-3 

297 

718-8 

1-8325 

16-5 

1-8334 

92-8 

280 

7239 

1-8240 

15-5 

1-8245 

90-4 

264 

720-6 

18130 

16 

1-8140 

88-7 

257 

726^ 

1-7985 

155 

1-7990 

86-6 

241-5 

7201 

1-7800 

15 

1-7800 

84-3 

228 

720-6 

1-7545 

16 

1-7554 

81-8 

218 

726-0 

1-7400 

15 

1-7400 

806 

209 

7206 

1-7185 

17 

1-7203 

78-9 

203-5 

725-9 

1-7010 

18 

1-7037 

775 

197 

725-2 

1-6750 

19 

1-6786 

75-3 

185-5 

725-2 

l-6o90 

16 

1-6599 

73-9 

180 

7252 

1-6310 

17 

1-6328 

71-5 

173 

725-2 

1-6055 

17 

1-6072 

69-5 

169 

730-1 

1-5S25 

15 

1-5825 

67-2 

160 

728-8 

1-5600 

17 

1-5617 

65-4 

158-5 

7301 

1-5420 

17 

1-5437 

64-3 

151-5 

730-1 

1-4935 

18 

1-49IK) 

59-4 

143 

730-1 

1-4620 

17 

1 -4(^35 

56-4 

133 

7301 

1-4000 

17 

1-4015 

50-3 

124 

7301 

l-ai40 

17 

1-3554 

45-3 

118-5 

730-1 

1-3180 

17 

1-3194 

41-5 

115 

730-1 

1-2620 

17 

1-2633 

34-7 

110 

7329 

1-2030 

17 

1-2042 

27-6 

107 

732-9 

11120 

17 

1-1128 

15-8 

ia3-5 

7;i2-9 

1-0576 

17 

1-0580 

8-5 

101-5 

7350 
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Table  II. 
(Calculated  by  graphical  interpolation.) 


Per  cent. 

Boiling- 

Per  cent 

Boiling- 

Per  cent. 

Boiling- 

Per  cent. 

Boiling- 

SO^H^. 

point. 

SO.Ha. 

point. 

SO^Hj. 

point. 

1  SO.H^. 

point. 

5 

o 
101 

45 

118-5 

70 

o 
170 

86 

238-5 

10 

102 

50 

124 

72 

174-5 

88" 

251-5 

15 

103-5 

53 

128  5 

74 

180-5 

90 

262-5 

20 

105 

56 

133 

76 

189 

91 

2t>8 

25 

1065 

60 

141*5 

78 

199 

92 

274-5 

30 

108 

62-5 

147 

80 

207 

93 

281-5 

35 

110 

65 

153-5 

82 

218-5 

94 

288-5 

40 

114 

67-5 

161 

84 

227 

95 

295 

Formation  of  Sulphuric  Acid. — It  is  not  probable,  though  it  has 
been  asserted,  that  sulphuric  acid  is  formed  in  damp  flowers  of 
sulphur,  even  at  the  ordinary  temperature ;  but  this  is  said  to  be 
the  case  on  heating  sulphur  with  water  to  200°  C,  or  by  the  electric 
current.  Sulphur  is  easily  oxidized  to  sulphuric  acid  by  chlorine, 
hypochlorous  acid,  nitric  acid,  aqua  regia,  &c.  It  is  produced, 
along  with  sulphurous  acid  and  sulphur,  from  tri-,  tetra-,  and  pen- 
tathionic  acids — ^from  the  former  by  merely  heating,  from  all  three 
by  the  action  of  chlorine  or  bromine,  or  even  on  the  prolonged 
action  of  stronger  acids,  which  set  the  thionic  acids  free;  also 
hyposulphites  yield  sulphuric  acid  under  the  action  of  chlorine. 
All  these  decompositions  have  to  be  kept  in  view  in  alkali-making. 

Mostly  sulphuric  acid  is  formed  from  sulphurous  acid.  The 
aqueous  solution  of  the  latter  is  gradually  transformed  into  sul- 
phuric acid  by  the  action  of  the  air  alone,  is  transformed  at  once  by 
chlorine,  bromine,  iodine,  hypochlorous  acid,  nitric  acid,  and  several 
metallic  salts,  such  as  manganic  sulphate,  mercurous  nitrate,  &c. 
Sulphur  dioxide  and  oxygen  conducted  through  a  red-hot  tube  con- 
taining platinum,  platinized  asbestos,  ferric  oxide,  &c.,  in  the  pre- 
sence of  water  yield  sulphuric  acid,  in  its  absence  sulphuric 
anhydride.  Far  more  important  than  all  these  cases  is  the  forma- 
tion of  sulphuric  acid  from  sulphurous  acid  by  atmospheric  oxygen, 
nitrous  acid  acting  as  the  carrier  of  the  latter.  This  is  the  founda- 
tion of  the  manufacture  of  sulphuric  acid,  and  will  be  explained 
in  detail  later  on. 

Decompositions  of  Sulphuric  Acid. — Some  of  these  have  been 
mentioned  already — for  instance,  that  into  anhydride  and  water  by 
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evaporation.  The  mixed  vapour,  on  account  of  the  unequal  velocitj 
of  diflfusion  of  the  two  vapours,  can  be  separated  to  a  great  exteni 
into  its  two  constituents,  so  that  at  520°  C,  in  an  hour,  a  residue  oi 
60  per  cent,  monohydrate  and  40  per  cent,  anhydride,  at  445°  C, 
75  per  cent,  monohydrate  and  25  per  cent,  anhydride  was  obtained 
(Wanklyn  and  Robinson,  Proc.  Roy.  Soc.  xii.  p.  507).  Perhaps  a 
process  for  preparing  fuming  acid  can  be  founded  upon  this  fact, 
Even  far  below  the  boiling-point  the  dissociation  begins  in  the 
liquid  acid.  It  has  been  pointed  out  that  already  at  30°  to  40°  C. 
the  hydrate  begins  to  give  off  vapours  of  anhydride  (Marignac). 
which  fact  has  been  confirmed  by  the  exact  researches  of  Dittmai 
(Chem.  Soc.  Journ.  [2]  vii.  p.  446)  and  Pfaundler  and  Polt  (Zeitschr 
f.  Chemie,  xiii.  p.  66) . 

A  furthergoing  decomposition  into  sulphur  dioxide,  oxygen,  anc 
water  takes  place  on  conducting  the  vapour  of  sulphuric  acid  througl 
porcelain  or  platinum  tubes,  filled  with  bits  of  porcelain  anc 
heated  to  a  bright  red  heat.  This  mode  of  decomposition  has  beei 
recommended  by  Deville  and  Debray  as  a  "  cheap  '^  plan  for  making 
oxygen ;  but  it  does  not  seem  to  have  answered,  owing  to  the  insuf 
ficient  sale  for  sulphurous  acid  or  its  salts ;  perhaps  it  will  play  i 
great  part  in  future  for  the  manufacture  of  anhydride  by  Winkler'i 
process. 

On  heating  with  charcoal  to  100°  or  up  to  150°  C,  sulphuric  acic 
yields  carbon  dioxide  and  sulphur  dioxide ;  on  boiling  with  phos 
phorus,  sulphur;  on  boiling  with  sulphur,  sulphur  dioxide;  by  th< 
action  of  the  electric  current,  hydrogen,  oxygen,  sulphur,  &c.  (ii 
dilute  sulphuric  acid  the  electric  current  merely  causes  the  decom 
position  of  water) . 

Sulphuric  acid  in  the  cold,  and  at  temperatures  below  it 
boiling-point,  is  the  strongest  of  all  acids,  and  expels  all  other  acid 
from  their  salts  when  the  solubilities  &c.  allow  this ;  but,  inversely 
sodium  sulphate  is  also  decomposed  by  hydrochloric  acid.  Sous 
singault  (Ann.  Chim.  Phys.  [5]  ii.  p.  120)  has  shown  that  dr 
hydrochloric-acid  gas  at  a  red  heat  decomposes  the  sulphates  o 
sodium,  potassium,  barium,  strontium,  and  calcium  (see  furthe: 
on).  More  refractory  acids  expel  sulphuric  acid  at  higher  tem 
peratures — for  instance,  boric  acid,  silica,  and  phosphoric  acid. 

With  the  bases  sulphuric  acid  forms  two  principal   series  c 

salts,  viz.  acid  ones,  of  the  formula  ^©^((qj^,  and  neutral  ones,  o 
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OM 
the  formula  SO^q^.    Very  frequently  it  also  occurs  in  basic 

salts^  rarely  in  hyperacid  salts. 

The  technical  applications  of  sulphuric  acid  to  a  great  extent  rest 
on  its  great  afiBnity  to  all  bases.  Of  its  salts  the  acid  and  neutral 
ones  are  soluble  in  water,  excepting  the  neutral  salts  of  barium, 
strontium,  lead,  silver,  and  mercury  (in  the  state  of  protoxide), 
which  are  little  or  not  at  all  soluble  in  water  and  dilute  acids. 
Calcium  sulphate  is  sparingly  soluble  in  water.  Most  sulphates 
are  insoluble  in  alcohol.  The  basic  sulphates  are  mostly  insoluble 
in  water,  but  soluble  in  acids.  The  sulphates  incline  very  much 
towards  the  formation  of  double  salts,  of  which  those  are  called 
alums  which  contain  a  combination  of  univalent  and  trivalent 
(corresponding  to  a  double  atom  of  quadrivalent)  metals. 

The  neutral  salts  of  the  alkali-metals,  of  calcium,  magnesium, 
silver,  manganese,  and  ferrosum,  the  latter  only  if  entirely  free  from 
acid  and  peroxide  (a  condition  very  rarely  realized),  do  not  redden 
blue  litmus  paper,  whilst  aU  other  soluble  sulphates  do  this. 

On  heating  to  a  red  heat,  only  the  neutral  sulphates  of  the  alka- 
lies, of  the  alkaline  earths,  and  of  lead  remain  unchanged.  At  a 
still  higher  temperature  (that  of  melting  iron)  the  two  latter  classes 
are  also  decomposed,  but  the  alkaline  sulphates  are  volatilized  with- 
out a  change.  Even  zinc  and  manganous  sulphate  are  so  difficult 
to  decompose  that  in  practical  work  they  are  considered  as  fireproof 
in  most  cases.  This  explains  the  difficulty  of  completely  convert- 
ing blende  into  oxide  of  zinc. 

On  roasting,  the  decomposable  sulphates  yield  metallic  oxides, 
sulphur  dioxide,  and  oxygen.  They  are  much  more  easily  split 
up  on  heating  by  certain  additions,  such  as  coal,  iron,  &c. 

On  the  metals  sulphuric  acid  acts  in  a  very  different  way.  The 
water-decomposing  metals  in  the  cold  yield  nothing  but  hydrogen 
with  it ;  in  the  hot  even  zinc  and  iron  already  yield  sulphurous 
acid ;  and  zinc,  if  certain  conditions  are  observed,  can  even  yield 
sulphuretted  hydrogen  (Fordos  and  Gflis) . 

Most  of  the  heavy  metals  do  not  act  upon  sulphuric  acid  in  the 
cold  and  in  a  dilute  state ;  they  yield  sulphur  dioxide  only  on  being 
heated  with  concentrated  acid,  such  as  arsenic,  antimony,  bismuth, 
tin,  lead,  copper,  mercury,  silver  (sulphates  being  formed  at  the 
same  time) ;  gold,  platinum,  iridium,  and  rhodium  do  not  act  on 
sulphuric  acid  at  any  temperature. 
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Apart  from  the  inaction  of  pure  sulphuric  acid  on  platinum, 
the  behaviour  of  vitriol  towards  lead  and  cast  iron  is  especially  of 
technical  interest. 

Cast  iron  is  very  little  acted  upon  by  concentrated  vitriol,  either 
hot  or  cold.  For  many  years  now,  cast-iron  vessels  have  been 
employed  for  boiling  sulphuric  acid  with  silver,  for  making  nitro- 
benzene by  a  mixture  of  sulphuric  and  nitric  acid,  for  pumping 
vitriol  by  compressed  air,  &c.  In  the  cold,  and  at  a  gentle  heat, 
even  moderately  dilute  vitriol  acts  very  little  on  cast  iron ;  it  can 
be  used  for  pumping  chamber-acid  onto  the  Glover  tower,  and 
even  for  the  preliminary  heating  of  the  vitriol  in  the  manufacture 
of  saltcake. 

Balmain  and  Menzies  have  indeed  proposed  to  send  out  sulphuric 
acid  in  iron  vessels,  in  lieu  of  the  usual  glass  carboys ;  it  should 
not,  however,  be  below  130°  Tw.,  should  not  contain  any  impurities 
acting  upon  iron,  and  it  must  not  be  left  in  contact  with  air  in  the 
vessels.  In  this  case  even  wrought-iron  vessels  can  be  employed. 
(Compare  the  end  of  Chap.  XIII.) 

The  action  of  sulphuric  acid  on  lead  has  been  examined  several 
times.  This  matter  is  of  very  great  importance  for  the  manufac- 
ture of  sulphuric  acid.  The  best-known  research  is  that  of  Calvert 
and  Johnson  (Compt.  Rend.  Ivi.  p.  140) .  Most  metals  are  all  the 
less  acted  upon  by  acids  the  purer  they  are ;  but  the  contrary  seems 
to  be  the  case  with  lead.  Calvert  and  Johnson  allowed  sulphuric 
acid  of  different  concentration  to  act  at  the  ordinary  and  at  higher 
temperature  on  three  different  kinds  of  lead,  viz. : — A,  ordinary 
lead  (with  9881 75  Pb,  0-3955  Sn,  03604  Fe,  and  0-4026  Cu) ; 
B,  virgin  lead  (with  99-2060  Pb,  0*0120  Su,  0-3246  Fe,  0*4374  Cu)  ; 
and,  C,  chemically  pure  lead.  Plates  of  1  metre  square  each  were 
covered  with  16  litres  of  sulphuric  acid  each ;  and  after  ten  days 
the  quantity  of  lead  sulphate  formed  was  estimated.  In  the  first 
four  experiments  pure  acid  was  used,  in  the  last  two  such  acid  as  it 
is  obtained  in  acid-works  by  concentration  in  lead  pans.  In  these 
two  experiments  the  temperature  was  48°  to  50°. 
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Spec.  grav.  of  the       Ordinary  Virgin  Pure 

acid  employed.  lead.  lead.  lead. 

grms.  grms.  gnns. 

1 1-812  67-70  13i-20  201*70 

II .1-705  8-35  l()-50  1970 

III 1-aoO  5-55  10-34  16-20 

IV 1-526  2-17  4-34  684 

V 1-716  49-67  50-84  5500 

VI 1-746  51-91  54-75  5741 

The  result  is  that  lead  is  all  the  more  acted  upon  the  purer  it  is, 
and  that  an  energetic  action  only  takes  place  above  the  specific 
gravity  of  140°  Tw. 

Mallard  (Bull.  Soc.  Chim.  1874,  ii.  p.  114)  experimented  with 
lead  containing  9962  Pb,  0*14  Sb,  003  Fe,  0*21  not  estimated, 
and  with  ordinary  commercial  acid.  At  a  strength  of  148°  Tw. 
and  the  corresponding  boiling-point  205°  C.  it  acts  upon  the  lead, 
yielding  SO,  and  Pb  SO4.  Above  148°  Tw.  and  up  to  166°  Tw. 
(boiling-point  320°  ?)  at  the  same  time  sulphur  is  formed  (SO, 
+  2Pb=S-|-PbO). 

Hasenclever  (Ber.  d.  deutsch.  chem.  Ges.)  employed  very  pure 
soft  lead  from  Mechernich,  with  99*9941  Pb,  00006  Ag,  00008 
Cu,  0-0040  Sb,  00005  Fe,  which  he  heated  in  a  flask  with  sulphuric 
acid  of  120°  Tw.  Already  at  40°  C.  small  gas-bubbles  rose  from 
the  lead ;  at  80°  a  perceptible  evolution  of  H  and  H,  S  took  place ; 
and  this  increased  at  higher  temperatures.  The  same  lead,  melted 
up  with  some  antimony  and  again  exposed  to  pure  vitriol  of  120° 
Tw.  caused  at  85°  only  a  scarcely  visible,  at  100°  a  just  perceptible, 
and  not  below  140°  a  strong  evolution  of  gas.  This  agrees  with 
Calvert  and  Johnson's  experiments. 

Lastly,  Bauer  (Ber.  d.  deutsch.  chem.  Ges.  1875,  p.  210)  has 
examined  this  matter.  He  employed  several  alloys  of  certain 
composition  and  vitriol  of  170°  Tw.  When  the  acid  already  con- 
tained dissolved  lead  sulphate,  a  higher  temperature  was  required 
for  the  action.     The  results  were  as  follows  : — 

1.  Pure  lead.  0*2  grm.  heated  with  50  cub.  centims.  acid  of 
170°  Tw.  First  sensible  evolution  of  gas  at  175°  C,  stronger  at 
190°;  at  230-240°  C.  suddenly  all  the  lead  is  changed  into  sul- 
phate, which  dissolves  in  the  acid,  SOg,  H,  and  S  being  observed. 

2.  Lead  and  bismuth,  (a)  90  Pb,  10  Bi :  action  beginning  at 
150°,  goes  on  slowly  and  quietly  up  to  190°,  when  all  the  metal  is 
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decomposed,  {b)  96  Pb,  4  Bi :  decomposition  quicker  than  in  a, 
terminated  at  130-140**.  (c)  9927  Pb,  071  Bi :  decomposition 
rapid  and  sudden  at  160^. 

8.  Lead  and  antimony,  {a)  10  per  cent.  Sb :  slow  and  even 
decomposition^  beginning  at  190°,  ending  between  230°  and  240°. 
(i)  5  per  cent.  Sb :  slow  decomposition,  beginning  at  180-190°, 
ended  at  220-225°.  (c)  1  per  cent.  Sb :  slow  decomposition,  just 
perceptible  at  250°,  ended  at  280°  C. 

4.  Lead  and  arsenic  (10  per  cent.  As).  Process  similar  to  the 
alloy  with  10  per  cent.  Sb ;  ended  at  240°. 

5.  Lead  with  1  per  cent,  copper  behaves  similarly  to  lead  with  1 
per  cent.  Sb ;  stronger  action  beginning  at  250°,  all  the  metal  dis- 
solved at  280°. 

6.  Lead  and  platinum,  {a)  10  per  cent.  Pt :  slow,  incomplete 
decomposition,  ended  at  280°.  (b)  2  per  cent.  Pt :  sudden  decom- 
position, complete  between  260°  and  280°. 

7.  Lead  with  10  per  cent.  tin.  Process  similar  to  pure  lead ; 
sudden  decomposition  at  200°  C. 

From  this  it  would  seem  as  if  small  quantities  of  antimony  and 
copper  made  the  lead  more  resisting,  and  as  if  bismuth  acted  the 
other  way. 

In  the  north  of  England  those  rolling  mills  which  roll  the 
sheet-lead  for  the  many  large  vitriol- works  supply  a  special  kind 
of  "  chemical  lead*'  which  is  made  from  the  melted-up  old  chamber- 
lead,  pipes,  &c.  j  in  this  case  many  impurities,  especially  antimony, 
from  "  regulus  ^'-valves,  &c.,  get  into  the  lead,  which  seems  to 
improve  its  quality  for  acid-chambers. 
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CHAPTER  II. 

ANALYSIS  OP  SULPHURIC  ACID. 

Qualitatively  sulphuric  acid  is  always  recognized  best  by  the  white 
precipitate  of  barium  sulphide  which  it  gives  with  barium  chloride, 
both  in  the  free  state  and  in  the  solutions  of  its  salts,  even  when 
very  much  diluted.  This  precipitate  mostly  settles  down  as  a  heavy 
powder,  but  in  extremely  dilute  liquids  sometimes  appears  only 
after  some  little  time  as  a  white  cloud.  Barium  sulphate  is  as 
good  as  insoluble  in  water,  solutions  of  salts,  and  free  dilute  acids; 
in  concentrated  acids  it  is  a  little  soluble,  especially  on  heating, 
also  in  concentrated  sulphuric  acid  itself.  On  the  other  hand,  in 
a  very  concentrated  liquid  free  from  sulphuric  acid,  but  containing 
much  hydrochloric  or,  especially,  nitric  acid,  the  addition  of  barium 
chloride  may  cause  a  precipitate  of  barium  chloride  itself  or  of 
barium  nitrate,  which,  however,  is  distinguished  from  barium  sul- 
phate by  its  crystalline  appearance,  and  even  more  by  vanish- 
ing on  dilution  of  the  liquid;  barium  seleniate  is  distinguished 
from  barium  sulphate  by  its  solubility  on  boiling  with  concen- 
trated muriatic  acid,  and  by  its  behaviour  with  the  blow-pipe. 
This  reaction  proves  the  presence  of  sulphuric  acid  either  in  its 
free  state  or  in  its  salts ;  but  of  course  it  can  no  longer  do  this 
when  the  sulphuric  acid  has  combined  with  organic  substances  to 
form  "sulphonic  acids,^*  just  because  these  contain  neither  sul- 
phuric acid  as  such  nor  sulphates.  In  order  to  find  sulphuric  acid 
in  ihefree  state  in  the  presence  of  sulphates  of  acid  reaction,  either 
the  alcoholic  solution  of  the  substances  can  be  tried  with  barium 
chloride  (free  add  being  soluble,  but  all  sulphates  insoluble  in  spirit 
of  wine),  or  the  charring  properties  of  concentrated  oil  of  vitriol  are 
made  use  of  by  evaporating  the  solution  mixed  with  a  little  cane- 
sugar  in  a  small  porcelain  capsule  on  the  water-bath,  and  observ- 
ing whether  a  blackening  of  the  sugar  takes  place.     This  reaction, 


44  SULPHURIC  ACID. 

however,  also  takes  place  with  the  sulphates  of  very  weak  bases, 
such  as  alumina  or  ferric  oxide;  also  sulphuric  acid  cannot  be 
distinguished  with  certainty  in  this  way  from  hydrochloric  or 
nitric  acidj  but  in  phosphoric,  acetic,  tartaric  acid,  &c.  a  very 
small  proportion  of  sulphuric  acid  can  be  proved  by  this  reaction. 
The  best  reaction  for  free  sulphuric  acid,  as  well  as  for  any  strong 
free  acid,  is  that  with  an  azo- compound,  such  as  amidoazobcnzenCj 
tropajoline,  Poirier^s  orange,  &c. ;  these  do  not  change  their  colour 
by  metallic  salts,  but  by  the  smallest  quantity  of  strong  free  acid. 
Carbonic  and  acetic  acids,  or  sulphuretted  hydrogen,  do  not  act  upon 
them  (see  p.  48). 

In  insoluble  sulphates  the  acid  is  recognized  by  fusing  them  with 
alkaline  carbonates,  or  by  boiling  with  concentrated  solutions  of 
the  same  and  filtering  the  solution  of  the  alkaline  sulphate  formed 
thereby  from  the  insoluble  carbonates,  or  with  the  blowpipe,  on 
charcoal,  by  the  formation  of  sodium  sulphate,  according  to  well- 
known  methods. 

The  quantitative  estimation  of  free  sulphuric  acid  for  technical 
purposes  is  almost  exclusively  effected  by  volumetric  methods  or  by 
the  hydrometer.  In  both  cases,  of  course,  impurities  will  have  a 
disturbing  action ;  but  for  technical  purposes  they  may  nearly 
always  be  neglected,  as  Kolb  has  shown  (compare  p.  29).  The 
hydrometric  estimation  of  sulphuric  acid  has  been  already  described 
in  detail ;  and  we  must  here  only  point  out  again  that  the  tempe- 
rature must  not  be  neglected  in  this  case.  The  figures  of  the 
hydrometer  may  be  reduced  to  the  normal  temperature  by  Bineau's 
formula  (p.  26) ;  but  it  is  better  to  bring  the  acid  to  a  temperature 
approaching  the  normal  temperature,  by  putting  the  vessel  either 
into  warm  or  into  cold  water,  as  the  case  may  require. 

The  volumetrical  estimation  of  free  acid  generally  takes  place  by 
means  of  a  standard  solution  of  potash,  soda,  or  ammonia,  using 
tincture  of  litmus  as  an  indicator.  According  to  the  accuracy 
required,  either  a  normal  solution  is  used  (that  is,  one  containing 
per  litre  an  equivalent  expressed  in  grams),  or  a  semi-  or  decinormal 
solution,  &c.  Some  prefer  ammonia,  because  it  attracts  but  little 
carbonic  acid,  which  makes  the  reaction  with  litmus  less  sharp; 
but  its  volatility  is  a  drawback  to  ammonia  solution,  its  smell 
proving  a  constant  although  minute  loss.  In  dilute  solutions  (a 
stronger  solution  than  seminormal  ammonia  ought  never  to  be 
used)  and  in  closed  bottles  this  amounts  to  very  little ;  but  still  it 
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is  not  advisable  to  choose  this  liquid  for  very  accurate  work.  As 
between  caustic  soda  and  caustic  potash,  Mohr  prefers  the  latter, 
because  the  former  causes  cracks  in  the  burettes.  This  is  certainly 
true ;  but  the  author  has  used  a  soda-burette  cracked  all  over  for 
a  dozen  years  without  any  drawback.  Of  course  some  contrivance 
must  be  used  for  depriving  the  air  entering  the  burette  of  its  car- 
bonic acid.  A  very  suitable  form  of  apparatus  for  this  purpose  is 
shown  in  fig.  1  (p.  46) . 

This  apparatus  can  even  be  used  with  baryta- water  as  acidimetrical 
liquid,  and  works  perfectly  satisfactorily. 

As  indicator,  nearly  always,  tincture  of  litmus  is  used,  prepared 
by  digesting  litmus  with  six  times  its  weight  of  water  at  the  ordi- 
nary or  a  slightly  higher  temperature,  pouring  off  the  clear  liquid, 
and  filtering ;  sometimes  a  little  spirit  of  wine  is  added  to  it.  In 
order  to  obtain  a  sharp  reaction,  the  solution,  which  is  generally 
too  alkaline^  ought  to  be  divided  in  halves  :  one  half  is  stirred 
up  with  a  glass  rod  dipped  in  dilute  nitric  acid,  till  its  colour  has 
changed  from  blue  through  purple  into  pure  red ;  the  other  half  is 
then  added  to  it ;  and  the  purple  mixture  ought  to  be  so  sensitive 
that  a  quantity  of  pure  water  coloured  strongly  by  it  will  be  stained 
distinctly  red  by  the  least  trace  of  an  acid,  and  blue  by  a  trace  of 
alkali.  The  litmus-solution  decomposes  on  keeping  in  closed 
vesselsj  it  must  therefore  be  kept  in  a  loosely  covered  bottle. 
A  very  convenient  form  for  it  is  that  represented  in  fig.  2,  which 
allows  of  running  out  as  many  drops  as  desired  without  inclining 
the  bottle  or  losing  any  litmus. 

An  alcoholic  solution  of  coralline  has  the  advantage  of  greater 
sensitiveness  and  durability  than  litmus.  The  transition  from  the 
beautiful  purple-red  of  the  alkaline  liquid  to  the  almost  colourless 
acid  liquid  is  very  striking,  and  probably  visible  to  some  persons 
colour-blind  for  litmus. 

Litmus  is  not  well  adapted  for  working  in  artificial  light :  the 
red  appears  almost  as  clear  as  water,  the  blue  like  a  dark  violet ; 
but  the  transition  from  bright  red  into  purple  &c.  cannot  be  seen 
with  certainty.  This  can  be  remedied  by  monochromatic  light  if 
the  artificial  light  be  coloured  yellow  by  common  salt :  the  red  ap- 
pears clear  as  water,  the  blue  like  deep  black ;  and  the  transition  is 
even  sharper  than  in  daylight. 

Quite  recently  W.  von  Miller  (Ber.  d.  deutsch.  chem.  Ges.  xi.  p. 
460)  has  proposed^  as  an  indicator  for  alkalimetry  and  acidimctry. 
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tnpteoline,  a  coal-tar  dye  discovered  by  O.  N.  Witt,  and  brought 
out  by  Messrs.  Williama,  Thomas,  and  Dower,  of  London.  The 
brand  marked  00  is  best  adapted  for  this  purpose.  Of  this  a  watery 
solution  of  O'l  per  cent,  is  made ;  and  2  cub.  centims.  of  this  are 
taken  for  each  &0  cub.  centims.  of  the  liquid  to  be  titrated.  This 
solution  yields  with  alkaline  solutions  a  bright-yellow  liquid,  which, 
on  adding  acid  to  it,  suddenly  changes  into  reddish  yellow.  The 
next  drop  of  acid  (which  is  not  to  be  calculated)  transforms  the 
colourinto  a  decided  red.  The  change  ofcolourisverysharp,  though 
not  more  so  than  in  the  case  of  litmus ;  but  tropeeoline  baa  a  very 
great  advantage  above  litmus  in  this,  that  the  yellow  colour  of  its 
watery  solution  is  not  changed  by  either  bicarbonates  or  free  car- 
bonic acid.  Alkaline  carbonates  can  therefore  be  titrated  with  it 
without  heatitiff ;  and  instead  of  a  normal  solution  of  a  caustic  alkali, 
one  of  jot/iumcardona/ecanjust  as  easily  be  used  for  titrating  acids. 
The  solution  of  tropeeoline  has  the  further  advantage  over  litmus 
of  not  being  reddened  by  any  neutral  metallic  salts,  hut  only  by 
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free  acids ;  thus  traces  of  the  latter  in  salts  of  aluminium^  iron,  &c. 
can  be  detected  and  estimated.  The  author  can  recommend 
tropseoline  from  his  own  experience.  He  has,  moreover,  found 
that  many  other  azo-compounds  do  the  same  service ;  and  of  these 
especially  the  orang^  III.  of  Poirier  and  the  amidoazobenzene  can 
be  recommended.  The  latter  must  be  used  in  alcoholic  solution. 
With  the  former  the  change  of  colour  is  still  more  marked  than 
with  tropseoline ;  and  the  latter  is  much  less  sensitive  than  most 
other  azo-dycs  to  sulphuretted  hydrogen,  which  certainly  princi- 
pally comes  into  play  in  titrating  soda,  black  ash,  &c. 

The  normal  alkaline  solution  itself  is  best  standardized  by  means 
of  a  normal  acid,  be  it  sulphuric,  oxalic,  or  hydrochloric  acid ;  and 
this  on  its  part  is  best  standardized  by  pure  ignited  sodium  car- 
bonate, which  is  easily  obtained  or  prepared — for  instance,  by  wash- 
ing and  igniting  sodium  bicarbonate.  If  sodium  carbonate,  bought 
as  chemically  pure,  dissolves  in  water  without  any  residue,  and 
shows  by  the  ordinary  reagents  no  chloride  or  sulphate,  or  only 
unwcighable  traces  of  these,  it  can  be  used  at  once  for  standardi- 
zing normal  acids  after  moderately  igniting.  If  tropseoline  be  used 
as  indicator,  this  roundabout  way  need  not  be  taken,  but  pure 
soda  itself  can  be  used  as  acidimetrical  liquid,  either  in  a  normal 
solution  containing  53  grams  per  litre,  or  in  more  dilute 
solutions. 

As  normal  acid  most  works  use  sulphuric  acid — against  which 
nothing  can  be  said,  except  that  it  is  not  adapted  for  titrating 
bodies  yielding  insoluble  sulphates.  But  a  similar  objection  must 
be  made  to  oxalic  acid,  so  warmly  recommended  by  Mohr.  This 
cannot  be  recommended  as  a  general  alkalimetrical  liquid  in  facto- 
ries, because  it  is  somewhat  expensive  if  "  pure,^^  because  its  durabi- 
lity in  dilute  solutions  is  very  limited,  and  because  even  the  so-called 
"  pure  '^  oxalic  acid  is  rarely  perfectly  pure,  let  alone  the  uncertainty 
about  the  exact  percentage  of  water  of  crystallization.  In  spite  of 
the  troublesome  plan  for  purifying  it  recommended  by  Mohr,  oxalic 
acid  cannot  be  relied  upon  as  the  foundation  of  alkalimetry  or  of 
acidimetry ;  and  if  this  reason  for  using  it  lapses,  the  only  remaining 
one  is  that,  apart  from  alkalimetry,  oxalic  acid  renders  important 
service  in  titrations  with  permanganate  of  potash,  in  the  an^ysis  of 
manganese,  and  especially  in  the  testing  of  the  Weldon  muds  &c. 
But  it  is  certainly  preferable  to  keep  a  separate  burette  for  this 
purpose,  and  to  use  sulphuric  or  else  hydrochloric  acid  for  the  daily 
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testings  of  soda-ash  &c.  Nitric  acid  might  also  be  used ;  and  it 
has  this  advantage^  that  after  neutralization  by  it  the  chlorides  can 
be  estimated  in  the  liquid  by  silver  nitrate,  as  will  be  explained 
when  we  describe  the  testing  of  soda-ash ;  but  the  metallic  pinch- 
cocks  do  not  stand  its  use,  and  it  requires  special  forms  of  burettes 
or  glass  cocks. 

Since  in  a  laboratory  the  normal  acids  frequently  have  to  be 
restandardized,  it  is  best  to  make  a  solution  of  exactly  53  grams 
of  ignited  sodium  carbonate  in  a  litre  of  water  (apart  from  the  use 
of  such  a  liquid  with  tropseoline  &c.  as  indicator) .  This  solution 
is  kept  in  a  stoppered  bottle ;  and,  for  each  testing,  10,  20,  or  50 
cub.  centims.  are  taken  out  by  means  of  a  pipette,  after  shaking  up 
the  contents  of  the  bottle  in  order  to  mix  again  any  water  evaporated 
and  condensed  in  the  upper  part  of  the  bottle.  For  the  most  accu- 
rate estimations  it  is  always  preferable  to  weigh  each  portion  of 
sodium  carbonate,  directly  after  igniting  and  cooling,  into  the 
beaker,  since  it  is  never  possible  to  measure  as  accurately  as  to 
weigh,  because,  among  other  reasons,  the  volumetrical  apparatus 
very  rarely  agree  quite  accurately  with  one  another.  In  spite 
of  the  trouble,  it  should  not  be  neglected  to  compare,  in  the  first 
instance,  the  pipettes  with  all  the  measuring-flasks,  in  order  to  see 
whether  the  former  fill  the  latter  precisely ;  secondly,  to  calibrate 
the  burettes  accurately,  in  which  case  it  will  often  be  found  that 
the  upper  parts  difler  by  several  per  cent,  from  the  middle  and 
lower  ones,  and  cause  a  corresponding  error.  Of  course  the  burettes 
must  again  be  compared  with  the  other  measuring-apparatus. 
Lastly,  the  measures  of  the  burettes,  pipettes,  &c.  must  be  compared 
with  the  weights  of  water  corresponding  to  them.  In  these  tests 
the  apparatus,  even  of  first-class  makers,  often  show  large  devia- 
tions, which  may  cause  gross  errors  in  analyses,  and  sometimes 
unpleasant  disagreements  with  other  analysts.  But  as  to  the  weights 
from  respectable  makers,  these  are  nearly  always  so  near  the  truth 
that  their  deviations  from  it  do  not  count  in  comparison  with  the 
unavoidable  experimental  errors. 

The  standard  acid  is  made  to  represent  equivalents,  not  molecules ; 
that  is,  if  sulphuric  or  oxalic  acid,  it  will  contain  one  half  of 
the  molecular  weight  in  grams,  viz.  49  or  63  grams,  because  these 
acids  are  bivalent ;  but  if  the  univalent  muriatic  or  nitric  acid,  it 
will  contain  the  total  molecular  weight,  viz.  36*46  grams  HCl,  or 
63  grams  NOgH.      First  of  all,  the  acid  is  diluted  a  little  less 
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than  necessary,  and  it  is  found  out  how  many  cub.  centims.  of  it 
are  required  for  a  certain  quantity  of  sodium  carbonate.  From  this 
the  quantity  of  water  is  computed  which  is  required  for  obtaining 
an  exactly  normal  acid ;  and  after  mixing  this  with  the  acid  the 
accuracy  of  the  standard  is  ascertained  by  repeated  titrating  with 
sodium  carbonate.  Not  less  than  2  to  3  grams  of  the  latter,  or 
50  cub.  centims.  of  a  normal  solution  of  it  (53  grams  per  litre), 
should  be  taken  for  each  test.  To  the  alkaline  solution  drops 
of  tincture  of  litmus  are  added  till  it  becomes  very  markedly 
blue,  then  acid  till  strong  effervescence  sets  in ;  and  the  liquid  is 
now  made  to  boil ;  then  to  the  hot  liquid  gradually  more  and  more 
acid  is  added,  till  the  blue  colour  has  passed  through  the  purple  and 
reddish  purple  of  the  COg  reaction  to  the  bright  red  of  the  SO4H2 
reaction.  The  liquid  cooled  by  the  addition  of  acid  must  be  con- 
stantly heated  again.  Often,  after  several  minutes^  boiling,  the 
apparently  red  liquid  again  turns  purple  and  then  blue.  When 
working  with  boiling  liquids  there  is  never  any  doubt,  to  a  single 
drop,  upon  the  point  where  the  pure  red  sets  in.  All  this  trouble 
is  saved  by  employing  tropseoliue  &c.  as  indicator  and  working 
in  the  cold. 

When  a  perfectly  accurate  normal  acid  has  been  obtained,  the 
normal  alkali,  whether  ammonia,  soda,  or  potash,  is  most  easily 
made  from  it ;  and  this  is  now  used  for  the  acidimetric  test  of  sul- 
phuric acid.  Concentrated  vitriol  must,  of  course,  first  be  diluted 
in  the  usual  manner. 

The  estimation  of  sulphvric  acid  in  sulphates  will  be  explained 
further  on  when  describing  the  assaying  of  pyrites. 

The  impurities  of  sulphuric  acid  are  recognizable  qualitatively  in 
the  following  manner : — A  residue  on  evaporating  sulphuric  acid  in 
a  platinum  crucible  may  contain  sulphates  of  sodium  (more  rarely 
of  potassium),  of  calcium,  aluminium,  iron,  lead ;  copper,  zinc,  or 
other  metals  occur  rarely  in  sensible  quantity.    The  individual  sub- 
stances are  sought  for  by  the  ordinary  analytical  methods.    Iron  is 
already  betrayed  by  the  colour  of  the  residue  after  ignition,  and 
can  also  be  detected  in  the  acid  itself,  without  evaporating  it,  by  the 
ordinary  reagents,  such  as  potassium,  ferrocyanide,  potassium  sul- 
phocyanide,  &c.      Lead  is  often  shown  as  a  white  precipitate  of 
sulphate   on   diluting  concentrated  vitriol   with  water — further, 
by  adding  one  or  two  drops  of  hydrochloric  acid,  by  which  white 
clouds  are  formed,  which  vanish  on  addition  of  more  hydrochloric 
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acid  or  on  heating ;  with  more  certainty  it  is  shown  by  diluting 
(even  weaker  acid)  with  three  or  four  times  its  volume  of  strong 
alcohol.  The  precipitate  must^  of  course,  be  examined  further — for 
instance,  with  the  blowpipe,  by  reduction  on  charcoal  to  metallic 
lead,  by  moistening  with  ammonium  (which  blackens  it),  &c. 
Selenium  can  be  found  in  dilute  sulphuric  acid  by  reduction  with 
SO2,  or  by  precipitation  with  HgS.  The  yellow  selenium  sulphide 
is  distinguished  from  arsenic  sulphide  by  its  insolubility  in  ammonia 
and  by  its  behaviour  with  the  blowpipe.  Selenium  will  also  be 
mentioned  when  speaking  of  the  nitrogen  oxides.  Thallium  is  only 
recognized  with  certainty  by  the  spectroscope.  Arsenic  is  reco- 
gnized by  sulphuretted  hydrogen  in  a  dilute  solution,  more  safely 
by  Reinsch's  test — diluting  with  equal  volumes  of  water  and 
pure  hydrochloric  acid,  and  immersing  bright  copper  foil,  which, 
after  gentle  heating,  is  covered  with  a  fast-adhering  slate-grey 
precipitate,  which,  according  to  Lippert,  is  a  compound  of 
copper  and  arsenic,  Cu^As^  (if  the  arsenic  is  present  as  arsenic 
acid,  the  reaction  only  sets  in  after  longer  heating) ;  further,  by 
Marshes  apparatus,  in  which,  by  means  of  pure  zinc  and  water, 
the  arsenic  is  given  off  as  arseniuretted  hydrogen,  and  is  proved  by 
reduction  in  a  red-hot  tube,  or  by  lighting  the  gas  and  holding  a 
piece  of  porcelain  in  the  flames,  on  which  any  arsenic  appears  as 
spots. 

Since  it  is  difiScult  to  procure  zinc  absolutely  free  from  arsenic, 
it  is  well  to  substitute  aluminium  foil  for  it.  There  may  be 
arsenic  acid  as  well  as  arsenious  acid  present ;  this  can  be  proved 
by  neutralizing  with  ammonia  and  adding  magnesia  mixture  :  any 
precipitate  must  contain  the  arsenic  acid,  the  filtrate  the  arsenious 
acid. 

Of  volatile  substances  sulphuric  acid  may  contain  : — hydrochloric 
acid  (from  any  common  salt  contained  in  the  nitrate  of  soda),  to 
be  proved  by  nitrate  of  silver,  after  having  diluted  the  acid,  silver 
sulphate  being  also  very  little  soluble;  hydrofluoric  acid,  to  be 
proved  by  heating  in  a  platinum  dish  covered  by  a  glass  plate 
coated  with  wax  and  containing  scratched-in  figures ;  sulphurous 
add,  to  be  proved  by  the  decolorization  of  a  weakly  blue  solution 
of  iodized  starch,  or  very  accurately  by  reduction  with  zinc  or 
aluminium  to  sulphuretted  hydrogen,  which  is  recognized  by  its 
turning  lead  paper  brown  or  by  colouring  purple  an  alkaline  solu- 
tion of  sodium  nitroprusside.     The  oxygen  compounds  of  nitrogen 
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are  nearly  always  present  in  the  sulphuric  acid  of  trade.  They  are 
recognized  in  the  simplest  manner,  and  with  nearly  as  much  preci- 
sion as  by  any  other  test,  either  by  the  decolorization  of  a  drop  of 
dilute  solution  of  indigo  on  heating,  or  by  carefully  pouring  a  solu- 
tion of  ferrous  sulphate  on  the  acid  contained  in  a  test-tube,  so  that 
the  liquids  do  not  get  mixed.  In  the  presence  of  traces  of  nitrous 
acids  or  of  higher  nitrogen  oxides  a  brown  ring  will  be  formed  at  the 
point  of  contact ;  if  more  be  present,  the  iron  solution  is  coloured 
brown  or  black ;  but  after  some  time  it  loses  its  colour  again,  espe- 
cially if  it  has  become  warm  by  the  reaction.  Selenium  also  gives 
a  red  ring  similar  to  that  given  by  traces  of  nitrogen  oxides ;  but 
the  colour,  instead  of  gradually  going  away,  after  standing  for  a 
time  turns  into  a  red  precipitate  at  the  bottom  of  the  test-tube. 
Nitrous  and  hyponitric  acids  are  also  recognized  by  turning  blue  a 
solution  of  starch  containing  potassium  iodide. 

Probably  the  most  sensitive  of  all  reagents  on  nitric  acid  &c.  is 
diphenylamine  (Kopp,  Ber.  d.  deutsch.  chem.  Ges.  1872,  p.  284)  : 
a  little  of  this  is  put  in  a  watch-glass  or  a  test-tube  with  the  sul- 
phuric acid,  to  which,  if  it  is  concentrated,  a  few  drops  of  water  are 
added ;  on  stirring  with  a  glass  rod  in  the  presence  of  the  smallest 
traces  of  nitric  acid  or  of  other  nitrogen  oxides  a  splendid  blue 
colour  is  produced,  which,  however,  goes  away  after  some  time. 
Even  more  accurate  is  the  reaction  with  carbazol,  discovered  by 
Graebe  and  Glaser,  which  with  traces  of  nitric  acid  &c.  yields  an 
intense  green  colour  which  remains. 

In  order  to  ascertain  the  gaseous  impurities  of  sulphuric  acid 
quickly  and  certainly,  Warrington  uses  the  following  process.  He 
violently  shakes  up  a  kilogram  of  the  acid  (without  dilution)  in  a 
stoppered  bottle  only  half  filled  with  it,  so  that  the  air  contained  in 
the  bottle  must  be  saturated  with  the  gases  dissolved  in  the  acid. 
Then  sulphurous  acid  can  be  detected  by  its  decolorizing  freshly  pre- 
pared iodized-starch  paper  (obtained  by  dipping  starch  in  iodine- 
water),  and,  inversely,  the  higher  oxides  of  nitrogen  by  their  turn- 
ing starch-paper  impregnated  with  potassium  iodide  blue.  But 
when  sulphurous  acid  is  present  in  such  excess  that  the  paper 
turned  blue  by  the  second  reaction  can  be  decolorized  again,  the 
test  will  not  answer.  Sulphuretted  hydrogen  would  act  like  sul- 
phurous acid ;  both  may  certainly  occur  in  traces,  even  along  with 
the  higher  oxides  of  nitrogen. 

For  the  quantitative  estimation  of  the  foreign  constituents  in  a 
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sample  of  sulphuric  acid^  separate  portions  must  be  used  in  esti- 
mating the  volatile  and  the  fixed  compounds.  For  the  estimation 
of  the  latter  a  large  quantity  of  acid  (up  to  500  grms.)  is  diluted 
with  water;  sulphurous  acid  is  conducted  through^  in  order  to 
reduce  the  arsenic  acid  to  trioxide ;  the  excess  of  sulphurous  acid 
is  driven  oflF  by  prolonged  boiling ;  and  the  liquid  is  saturated  with 
sulphuretted  hydrogen.  The  precipitate  then  formed  may  contain 
the  sulphides  of  lead  and  arsenic^  more  rarely  of  antimony,  copper, 
platinum,  &c.  These  must  be  separated  by  the  well-known  methods 
of  gravimetrical  analysis,  which  are  not  always  of  a  simple  cha- 
racter. The  lead  can  be  separated  almost  completely  beforehand 
by  diluting  the  acid  suflSciently;  in  this  case  mostly  arsenic  is 
looked  for,  which  can  be  estimated,  for  instance,  volumetrically  by 
titrating  its  sulphide  with  a  solution  of  iodine.  In  the  filtrate 
from  the  sulphuretted-hydrogen  precipitate,  ferric  oxide,  lime,  alu- 
mina, alkalies,  &c.  can  be  estimated  in  the  usual  way. 

Sulphurous  acid,  if  at  all  present  in  weighable  quantities,  can  be 
estimated  by  a  solution  of  iodine  according  to  Bunsen's  method. 
The  acids  of  nitrogen  (nitrous,  hyponitric,  and  nitric)  cannot  easily 
be  present  along  with  sulphurous  acid  in  sensible  quantity  ;  their 
quantity  is  very  considerable,  however,  in  certain  intermediate 
manufacturing  products  (^'  nitrous  vitriol ") ;  and  the  methods  for 
estimating  it  are  therefore  of  great  importance.  Also  in  chamber- 
acid  and  in  more  concentrated  products  there  is  much  oftener  nitric 
acid  and  the  nitrogen  acids  less  rich  in  oxygen  present  than  sul- 
phurous acid ;  and  in  this  case  the  estimation  of  even  small  quanti- 
ties is  sometimes  of  importance,  because  they  exert  a  very  injurious 
action  during  the  concentration  of  the  acid  in  platinum. 

As  far  as  nitric  oxide,  NO  or  N^O^,  is  concerned,  CI.  A.  Winkler 
has  already  proved  that  it  is  not  absorbed  by  strong  vitriol  (^  Unter- 
suchungen,'  1867,  p.  7).  Kolb  has  also  made  experiments  with 
acids  of  varying  concentration  (Bull.  Soc.  Indust.  Mulh.  1872, 
p.  225),  and  has  found  that  acid  of  1'841  docs  not  absorb  even  traces 
of  NO,  acid  of  1*749  to  1*621  merely  traces  (2  to  6  milligrams  to 
100  grms.  acid) ;  acidof  1-426  absorbs  0017  grm.  NO;  acid  of  1-327, 
0*020  grm.  NO  to  100  grms.  In  practice  accordingly  no  account 
need  be  taken  of  nitric  oxide,  especially  in  the  case  of  the  stronger 
acids,  since  in  any  case  it  cannot  be  present  in  sufficient  quantity 
for  estimation ;  and  the  latter  need  only  refer  to  the  proper  acids 
of  nitrogen.     Of  these,  again,  only  nitric  and  nitrous  acid  need 
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be  taken  into  account;  hyponitric  acid,  in  analyses  where  the 
liquids  arc  very  dilute,  always  behaves  like  a  mixture  of  the  above 
two  acids.  As  far  as  the  ''  chamber-crystals  '^  are  concerned,  or, 
as  they  have  been  latterly  called,  nitrosulphonic  acid  or  nitroeyl 
sulphate,  S02(OH)(N02),  whose  solution  in  sulphuric  acid  plays  a 
very  important  part  in  acid-making  as  "  nitrous  vitriol,*'  Bammels- 
berg  and  Philipp  (Ber.  d.  deutsch.  chem.  Ges.  1872,  p.  310)  have 
shown  that  on  contact  with  water  this  compound  yields  up  |  of  its 
nitrogen  as  NO,  |  as  NO^H,  and  ^  as  NOgH.  It  is  not  yet  proved 
that  on  diluting  their  solution  in  sulphuric  acid  exactly  the  same 
reaction  takes  place ;  but  anyhow  such  solution  behaves  towards 
oxidizing  agents  as  if  the  compound  S02(OH)(N02)  had  with 
HjO  formed  S02(OH)2  +  N02H.  If,  however,  the  dilution  with 
water  takes  place  before  adding  the  oxidizing  agent,  a  portion 
of  the  nitrogen  compounds  seems  to  escape  as  NO,  another  to  be 
changed  into  NOgH. 

First  of  all  we  must  treat  of  the  methods  for  estimating  nitrtms 
and  nitric  acids  together^  in  which  case  the  result  can  be  calcu- 
lated as  NgOg,  NgO^  NOgH,  &c.  Frequently,  for  technical  pur- 
poses, it  is  calculated  as  NOgNa,  because  the  nitrate  of  soda  is  just 
the  raw  material  whose  consumption  is  the  essential  thing. 

Of  the  many  methods  proposed  for  this  end  I  only  mention  those 
which  can  be  applied  for  technical  purposes. 

1,  The  method  of  Pelouze,  modified  by  Fresenius  and  others,  is 
only  adapted  for  the  estimation  of  nitric  acid ;  it  is,  however,  some- 
times used  for  estimating  a  mixture  of  this  and  of  nitrous  acid, 
after  the  latter  has  been  converted  into  nitric  acid,  for  instance,  by 
chlorine,  potassium  bichromate,  permanganate,  &c.  Of  course  in 
the  former  case  the  excess  of  chlorine  must  be  removed  by  boiling, 
which  has  always  certain  drawbacks,  owing  to  the  possibility  of 
nitric  acid  being  volatilized ;  in  the  two  latter  cases  only  an  exactly 
sufficient  quantity  of  the  reagent  must  be  added,  which,  especially 
in  the  case  of  permanganate,  is  easily  ascertained  by  the  change  of 
colour. 

Tlie  method  of  Pelouze  is  founded  upon  the  fact  that  free  nitric 
acid  oxidizes  ferrous  chloride,  according  to  the  equation 

6FeCl2+2N08H  +  6HCl=3Fe2Cl6+2NO  +  4HaO. 

An  exactly  known  quantity  of  ferrous  chloride  was  taken ;  and  by 
means  of  potassium  permanganate  (or,  according  to  Fresenius,  of  bi- 
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cbromate)  the  excesa  of  the  ferrous  salt  not  converted  into  ferric  chlo- 
ride  by  the  above  reaction  was  measured.  This  method  had  several 
sources  of  error,  especially  the  regeneration  of  higher  oxides  of  nitro- 
gen by  the  nitrie  oxide  formed  in  the  reaction  coming  into  contact 
with  air.  li'reseniuB  has  made  tlie  process  accurate  by  several 
modifications,  especially  by  carrying  it  on  in  a  current  of  carbonic 
acid;  but  his  apparatus  ia  somewhat  complicated  for  technical 
laboratories,  and,  in  the  author's  experience,  just  as  accurate  results 
can  be  obtained  with  the  simple  apparatus  represented  in  fig.  3. 

Ferrous  chloride   has  the  draw- 
back  that,  as  is  well  known,  the  per-  ^' 

manganate  does  not  yield  accurate 
results  in  the  presence  of  muriatic 
acid;  we  therefore  substitute  ferrous 
Bolphate  for  it.  A  fiask  of  about 
200  cab.  centims.  capacity  is  closed 
by  a  good  cork  or  india-rubber 
stopper,  through  which  a  glass  tube 
of  about  lj(  inch  length  passes,  cut 
otE  slanting  just  below  the  cork ;  its 
upper  end  ia  closed  by  a  fiunsen'a 
caontchouc  valve,  viz.  a  piece  of 
thick  elastic  tubing  whose  upper 
end  is  dosed  by  a  bit  of  solid  glass  rod,  and  which  receives 
a  sharp  slit  about  ^  inch  in  length.  This  slit  allows  any  gas  or 
vapour  to  get  out,  but  not  to  get  in,  since  its  margins  close  all  the 
more  tightly  the  more  the  air  is  rarefied  within  the  flask ;  mostly 
the  tubing  in  this  case  collapses.  This  simple  contrivance  does 
quite  the  same  service  as  the  retort-with-carbonie-acid  apparatus 
&c.  in  Frescnius'  plan.  Into  the  flask  an  accurately  weighed 
quantity  of  the  finest  iron  wire  (for  instance  that  used  for  making 
artificial  flowers)  is  put,  say  1  grm.,  and  pure  dilute  sulphuric  acid 
is  poured  over  it.  It  is  preferable  to  throw  1  or  2  grms.  of  sodium 
bicarbonate  into  the  flask  just  before  putting  in  the  cork,  in  order 
to  expel  the  air  by  carbonic  acid.  Now  the  cork  with  its  caoutchouc 
valve  is  put  in,  and  the  dissolution  of  the  iron  is  promoted  by 
gently  heating ;  at  last  the  liquid  is  boiled  tilt  it  has  become  quite 
clear ;  then  the  lamp  is  taken  away  and  the  flask  is  allowed  to 
cool,  which  may  even  be  hastened  by  cold  water.  The  valve 
prevents  any  air  from  entering  the  flask  and  oxidizing  the  ferrous 
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sulphate;  after  coolings  such  oxidation  does  not  happen  at  all 
during  the  time  the  experiment  lasts^  if  an  excess  of  acid  is  present. 
The  cork  is  then  removed^  the  contents  of  the  flask  are  diluted  to 
about  200  cub.  centims.^  and  a  solution  of  potassium  permanganate 
added  from  a  burette  till  the  pink  colour  has  just  appeared^  which 
can  be  seen  best  on  a  white  ground.  The  value  of  the  latter  solu* 
tion  is  found  according  to  the  following  reaction : — 

10  FeS04 + 2  KMn04 + 8  S04H,=5  Fe^  (804)3  -f  K,S04 + 2  MnS04 

+  8H2O. 

Here  we  must  remember  that  the  iron  wire  is  not  chemically 
pure  iron,  but  only  contains,  according  to  Fresenius,  99*6  per  cent. 
Pe  ;  therefore  either  the  corresponding  quantity  of  wire,  say  1*004 
grm.,  must  be  weighed  at  once,  or  the  figure  found  must  be  multi- 
plied by  0*996.  The  author  has  shown  (Chem.  News,  xxxvi.  p.  145) 
that  this  apparatus  permits  quite  sufficiently  precise  estimations  of 
nitric  acid  to  be  made ;  but  the  operation  takes  a  very  long  time, 
unless  a  large  excess  of  acid  is  employed — for  instance,  20  per  cent. 
SO4H2  by  weight  of  the  whole  liquid.  Otherwise  the  boiling  must  be 
continued  till  the  liquid  has  attained  this  degree  of  concentration. 

A  solution  of  potassium  permanganate  is  usually  called  semi- 
normal  if  it  can  give  up  half  an  equivalent  of  oxygen  (O  taken 
as  =8)  in  milligrams  per  cub.  ccntim. — that  is,  0*004  grm.  O. 
Such  a  solution  is  obtained  by  dissolving  15*82  grms.  of  pure 
crystallized  potassium  permanganate  in  a  litre  of  water,  and  is 
very  convenient  for  practical  use;  it  must,  however,  be  checked 
with  iron  wire  as  above  described,  since  even  the  crystallized  per- 
manganate sold  as  "  pure ''  often  contains  1  to  2  per  cent,  of  impu- 
rities, which,  however,  do  not  interfere  with  its  stability.  Each 
cub.  centim.  of  this  solution  answers  at  the  same  time  to  0*028 
grm.  metallic  iron,  or  0*139  crystallized  ferrous  sulphate,  or  0*009 
NgOg,  or  00105  NO3H,  or  0*01417  NOsNa,  or  0*00633  NjO, 
(previously  transformed  into  NO3H).  This  solution  changes  so 
little  even  on  prolonged  standing,  in  well-closed  bottles  or  burettes, 
that  it  is  only  necessary  to  check  it  about  once  every  two  months 
by  a  new  experiment  with  metallic  iron  (or  with  oxalic  acid) ; 
mostly  it  keeps  unchanged  to  the  last.  It  is  much  more  conve- 
nient for  use  than  the  bichromate  solution,  with  which  the  end 
of  the  reaction  can  only  be  ascertained  by  dropping  on  a  porce- 
lain plate  covered  with  drops  of  potassium  ferricyanide  solution  ; 
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and  since  pure  crystallized  permanganate  can  be  easily  obtained^ 
the  objection  of  quickly  changing^  formerly  justly  made  to  the 
impure  permanganate  solution  then  in  use^  has  lapsed.  To  be  sure 
it  must  be  observed  that  there  is  a  known  source  of  error  in  em- 
ploying permanganate  in  the  presence  of  hydrochloric  acid  (com- 
pare Fresenius'  '  Quantitative  Analysis/  6th  (German)  edition^ 
p.  281) ;  but  where,  as  in  the  present  case,  the  employment  of 
hydrochloric  acid  can  be  avoided  altogether,  even  this  reason  for 
avoiding  the  use  of  permanganate  in  titrating  ceases  to  exist. 

Instead  of  dissolving  iron  wire  every  time  with  the  precautions 
above  described  (which  for  standardizing  is  certainly  the  safest 
plan),  in  technical  laboratories  a  solution  of  ferrous  sulphate  can 
very  well  be  employed  for  estimations  of  nitric  acid.  It  must  con- 
tain so  much  free  sulphuric  acid  that  no  further  acid  need  be 
added  in  the  subsequent  operations ;  the  presence  of  this  free  acid 
at  the  same  time  retards  the  oxidation  of  the  iron  solution  so  much 
that,  at  most,  it  need  be  tested  for  its  strength  only  once  a  day.  A 
solution  of  100  grms.  pure  crystallized  green  copperas  and  50  grms. 
of  sulphuric  acid  in  1  litre  of  water  is  made ;  and  for  each  testing  a 
certain  quantity,  say  25  cub.  centims.,  is  taken  out  with  a  pipette. 
This  is  much  more  convenient  than  weighing  oflf  and  dissolving 
iron  wire  on  each  occasion,  and  saves  a  great  deal  of  time.  First 
the  value  of  25  cub.  centims.  iron  solution  is  determined  by  a 
seminormal  permanganate  solution,  which  itself  has  been  previ- 
ously standardized  by  means  of  iron  wire ;  this  can  be  done  in  a 
few  minutes.  Then  another  25  cub.  centims.  of  the  iron  solution 
is  put  into  the  flask  with  caoutchouc  valve ;  a  certain  quantity  of 
the  liquid  containing  nitric  acid  is  added,  then  1  to  2  grms.  of 
sodium  bicarbonate ;  the  flask  is  closed  with  the  valve  cork,  heated 
to  boiling,  and  the  liquid  boiled  for  some  time,  till  it  has  become 
perfectly  clear  and  all  nitric  oxide  is  expelled ;  then  it  is  cooled 
and  titrated  back  with  permanganate  solution  as  described  above. 
Now,  of  course,  less  will  be  used  than  for  the  first  titration ;  and 
the  difference  indicates  for  each  cub.  centim.  of  the  permanga- 
nate solution  a  quantity  of  0009  grm.  NgOg  &c.,  as  mentioned 
above  in  detail.  Of  course  the  quantity  of  liquid  containing  nitric 
acid  must  be  so  regulated  that  an  excess  of  unoxidized  ferrous 
sulphate  is  left.  Sometimes  the  boiling  must  be  continued  for  a 
long  time,  up  to  an  hour,  before  all  nitric  oxide  is  expelled ;  in  very 
dilute  liquids  a  very  large  quantity  of  free  sulphuric  acid  is  needed 
to  hasten  the  reaction. 
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This  method,  if  carefully  carried  out,  is  very  accurate  ;  for  the 
present  case  (the  analysis  of  nitrous  vitriol)  it  has  only  this 
drawback,  that  the  nitrous  acid  has  first  to  be  converted  into 
nitric  acid,  and  that  no  distinction  can  be  made  between  nitrous 
and  nitric  acid. 

2.  First  method  of  F.  Schulze  {Harcourt,  Siewert,  §•<:.) . — This 
method  is  based  on  the  conversion  of  nitrogen  compounds  into 
ammonia  by  nascent  hydrogen  in  an  alkaline  solution,  expelling 
the  ammonia,  and  absorbing  it  in  standard  acid,  which  is  afterwards 
titrated  back.  For  the  evolution  of  hydrogen  generally  a  combi- 
nation of  zinc  and  iron  is  used ;  the  potassic  solution  in  Harcourt's 
plan  is  an  aqueous  one,  in  Sicwert's  an  alcoholic  one.  An  exact 
description  of  the  method  is  given  by  Presenius  {loc,  cit,  p.  525) ; 
it  is  not  repeated  here — first  because  many  chemists  have  not  ob- 
tained accurate  results  by  it,  as  mentioned  there,  and  secondly 
because  it  is  too  troublesome  for  technical  examinations ;  and  this 
drawback  need  not  in  this  case  be  put  up  with  as  if  no  better  or 
equally  good  methods  were  in  existence.  It  is  true  that  Eder,  in 
Presenius' '  Zeitschrift  £  anal.  Chemie,'  xvi.  309,  has  given  a  number 
of  special  precautions,  which  have  furnished  accurate  results  to  the 
author  as  well ;  but  the  complication  of  the  apparatus,  and  the  ten- 
fold longer  time  required  for  carrying  out  this  method,  are  by  no 
means  recommendations  of  it  in  competition  with  the  not  less 
accurate  ferrous-sulphate  method. , 

3.  Second  method  of  F,  Schulze,  in  which  the  nitric  acid  is  esti- 
mated by  the  deficiency  of  hydrogen.  On  dissolving  aluminium 
in  caustic  potash  solution  the  hydrogen  liberated  can  be  measured 
and  can  be  used  inversely  as  a  measure  for  the  quantity  of  alumi- 
nium. But  if  a  nitrate  be  present,  less  hydrogen  is  obtained,  since 
a  portion  of  it  in  the  nascent  state  converts  nitric  acid  into  ammo- 
nia, according  to  the  equation 

N03H  +  8H=NH3-h3H20. 

This  estimation  can  be  made  more  accurate  than  that  by  absorb- 
ing ammonia  in  titrated  acid,  because  the  measuring  of  hydrogen 
can  be  made  very  exact.  It  is  carried  out  in  an  apparatus 
similar  to  Knop's  azotometer,  and,  together  with  the  necessary 
computations,  takes  even  more  time  than  the  former  method. 
We  shall  accordingly  only  refer  to  its  description  in  Presenius, 
p.  528, 
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Hasenbach  has  proposed  a  process  for  estimating  any  hyponitric 
present  along  with  nitrous  acid.  He  utilizes  for  this  purpose  the 
property  of  ammonium  sulphate  of  acting  upon  those  two  acids 

thus: — 

I.  3NOg-f4NH3=6H20-f7N. 
11.    N208  +  2NH3=3H20  +  4N. 

In  case  I.  f  of  the  nitrogen  liberated^  in  II.  one  half  of  the 
same  equals  that  originally  present  as  a  nitrogen  acid ;  by  esti- 
mating this  first  by  the  ordinary  processes  as  N^Os,  and  secondly 
measuring  the  nitrogen  given  o£P  eudiometrically  after  addition  of 
ammonium  sulphate^  it  can  be  found  which  of  the  two  acids  has 
been  present.  This  process,  which  has  not  been  investigated  more 
accurately,  is  described  in  the  '  Berichte  d.  deutsch.  chem.  Ges.' 
1874,  p.  678. 

Of  the  processes  for  estimating  nitrous  acid  by  itself,  we  shall 
describe  those  employing  urea,  bleaching-powder,  potassium  bi- 
chromate, and  potassium  permanganate.  The  urea  method  has 
been  proposed  by  P.  Hart  (Muspratt's  '  Chemistry,'  ii.  p.  1040),  and 
is  based  on  the  fact  that  urea  is  decomposed  by  nitrous  acid  into 
carbonic  acid,  water,  and  nitrogen,  thus : — 

C0N,H4-f  N203=C02-f  2  HaO+4N. 

This  reaction,  as  is  well  known,  is  a  general  one  for  the  amides. 
The  urea  is  used  as  nitrate,  in  which  shape  it  is  most  easily  pro- 
cured perfectly  pure;  and  one  molecule  in  centigrams  ( =  1*230  grm.) 
of  it  is  dissolved  in  boiling  water.  The  acid  to  be  examined  is  added 
to  it  gradually  from  a  burette  with  continual  stirring ;  and  testing 
is  continually  repeated,  to  ascertain  if  an  excess  be  already  present, 
by  bringing  a  drop  of  the  solution  into  contact  with  starch  solution 
containing  potassium  iodide,  of  which  a  number  of  drops  have  been 
placed  on  a  porcelain  plate.  As  soon  as  a  blue  colour  appears,  no 
more  acid  is  added ;  that  already  used  must  have  contained  exactly 
a  molecule  of  NgOg  (also  expressed  in  centigrams)  =0*760  grm. 
NjOg.  This  number  corresponds  to  1080  NjOg,  1260  NO3H,  or 
l'700NOgNa;  and  these  figures  need  only  be  divided  by  the 
number  of  cub.  centims.  acid  used  in  order  to  know  how  much  of 
the  above  substances  corresponded  to  1  cub.  centim.  of  the  acid. 

Crowder  (Chem,  News,  xxiv.  p.  238)  obtained  by  this  plan  very 
discordant  results ;  he  therefore  recommended  as  an  improvement 
to  carry  out  the  process  in  one  of  the  apparatus  for  estimating  car- 
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bonic  acid  by  loss  of  iveight^  and  then  to  calculate  the  nitrous  acid 
from  the  liberated  carbonic  acid  and  nitrogen  by  the  equation 

C02+4N=N203; 
100  loss  of  weight =76  NjOg. 

Davis  (Chem.  News,  xxt.  p.  125)  declares  both  Crowder's  modifi- 
cation and  Hart's  original  process  to  be  quite  unreliable,  as  no  two 
testings  ever  gave  the  same  results.  The  author  has  also  {loc, 
cit.)  proved  by  figures  the  utter  untrustworthiness  of  Hart^s  pro- 
cess, and  the  unsatisfactory  results  of  Crowder's. 

According  to  the  research  of  Claus  (Ber.  d.  deutsch.  chem.  Ges. 
1871,  p.  140)  it  is  not  allowable  from  the  outset  to  rely  upon  the 
neatness  of  the  above  reaction ;  decompositions  also  take  place  ac- 
cording to  the  equations 

2CH4N«0+N203=(NH4)2C03-fN4-fC02 
and  2CH4N20+NA=CH4N20  +  N4  +  C02-f-2H20, 

according  to  the  conditions  of  working,  and  the  nitrous  acid  later 
on  not  only  acts  upon  the  urea,  but  also  upon  the  ammonium  car- 
bonate ;  especially  the  equation  becomes  quite  inaccurate  if  strong 
acids  are  present  in  the  free  state,  which  on  their  part  act  upon  the 
ammonium  carbonate  anyhow  occurring  as  an  intermediate  stage ; 
only  then  the  reaction  will  take  place  exactly  according  to  the 
formula  CH4NgO  +  Ng03=COa  +  N4  +  2  HjO,  if  a  quantity  of  free 
nitric  or  sulphuric  acid  exactly  equivalent  to  the  NgOg  is  present. 
Since  this  latter  condition  is  impossible  to  realize  in  nitrous 
vitriol,  it  follows  from  the  experiments  of  Claus  that  both  Hart's 
and  Crowder's  process  are  wrong  in  principle. 

A  second  process,  which  cannot  be  reproached  with  being  too 
costly,  has  been  used  for  many  years  in  English  factories  without 
its  author  being  known.  It  rests  on  the  oxidation  of  nitrous  acid 
by  bleaching-powder ,  Of  this  a  clear  solution  is  made  of  such 
strength  that  each  10  cub.  centims.  of  it  yield  0*7  grm.  of  available 
chlorine.  The  solution  if  kept  well  stoppered  and  not  exposed 
much  to  the  light  will  keep  for  a  long  period.  For  each  test  10 
cub.  centims.  of  it  are  diluted  to  about  a  litre  with  distilled  water 
in  a  bottle  of  1^  litre  capacity.  The  nitrous  vitriol  is  added  from 
a  burette  which  contains  37'4  cub.  centims.,  divided  into  100  parts. 
After  each  addition  the  bottle  is  well  shaken ;  when  the  smell  of 
chlorine  is  only  very  faint,  tests  are  made  after  adding  a  few  drops 
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of  nitrous  vitriol  at  a  time,  to  see  whether  a  few  drops  of  indigo 
solution  are  still  decolorized.  If  the  colour  remains  blue,  the 
number  of  divisions  of  the  burette  is  taken,  and  the  percentage  of 
NjOg  is  obtained  by  dividing  100  by  that  number;  thus  at  50 
measures  of  the  burette  there  is 

ino  100 

—-=2  p.  c.  NgOg  j  at  75  measures,  -7y~=l*33  p.  c.  N^Og,  &c. 

These  percentages  of  course  refer  to  the  volumes  of  the  nitrous 

vitriol,  and,  if  they  are  to  be  calculated  into  weights,  must  be 

divided  by  the  specific  gravity  of  the  vitriol. 

By  this  method,  indeed,  very  concordant  results  are  obtained 

(Davis,  Chem.  News,  xxiv.  p.  258) ;  and  it  is  assumed  in  the  factories 

that  an  acid  is  "  very  good  '^  if  60  to  70  measures  of  the  burette 

are  used.     The  relation  of  these  figures  to  the  percentage  of  real 

NgOg  is  foimd  by  the  following  calculation.     According  to  the 

reaction 

Na03+4Cl  +  3HgO=2NO,H+4HCl, 

76  parts  of  nitrous  acid  correspond  to  4  x  35*5  =  142  parts  of  chlo- 
rine; and  the  0'7grm.  chlorine  in  the  test  liquid  is  thus  equivalent  to 

0'7  X  76 

— —-- —  =  0*374  grm.  NgOg,  which  must  be  contained  in  the  mea- 
14^ 

sures  of  acid  used  out  of  the  burette.  But  it  cannot  be  assumed 
that  this  is  really  exactly  the  case,  since  even  in  a  very  largely  dilute 
solution  of  bleach-liquor  the  acid  running  in  will  liberate  some 
chlorine,  which  is  lost.  Still  the  bleaching-powder  process  is  suflS- 
ciently  exact  for  comparative  estimation  in  the  daily  practice  of 
factories ;  it  gives  pretty  constant  results,  more  so  than  the  per- 
manganate method  in  its  former  faulty  state ;  and  it  can  be  carried 
out  very  quickly — say,  in  three  minutes. 

Davis  (Chem.  News,  xxv.  pp.  25  and  124)  gives  further  directions 
for  the  use  of  this  test.  It  is  neither  meant  nor  adapted  for  small 
quantities  of  N^Og,  in  which  case  the  burette  would  have  to  be 
filled  several  times;  for  such  cases  the  permanganate  method, 
properly  carried  out,  is  incomparably  preferable. 

The  bichromate  process  has  long  been  known  in  several  modifica- 
tions. Mohr  ('  Titrirmethode,'  3rd  ed.  p.  236)  describes  it  thus  : — 
To  the  vitriol  to  be  tested  an  excess  of  standard  bichromate  solu- 
tion is  added ;  and  the  remainder  of  bichromate  is  estimated  by 
standard  ferrous  solution.     In  a  simpler  but  ruder  form  the  pro- 
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cess  has  been  used  for  many  years  in  English  works^  nitrous  acid 
being  added  from  a  burette  to  a  standard  solution  of  bichromate 
till  the  red  colour  had  turned  into  a  pure  green.  This  might  do 
for  checking  the  practical  work,  but  could  not  lay  claim  to  any 
accuracy.  Gerstenhofer  has  specially  worked  out  this  process,  and 
given  actable  showing  directly  the  percentage  of  95-per-cent.  nitrate 
of  soda  in  nitrous  vitriol.  The  accuracy  of  his  table  has  been  dis- 
puted by  Hasenbach  (Ber.  d.  deutsch.  chem.  Ges.  1874,  p.  678), 
and  upheld  by  Biichner  (ibid.  p.  1665).  The  process  is  carried  out 
in  this  way  : — ^The  nitrous  vitriol  contained  in  a  burette  is  added 
to  20  cub.  centims.  of  a  potassium  bichromate  solution  containing 
73'8  grams  in  2  litres,  and  therefore  yielding  0'06  gram  oxygen 
per  cub.  centim.,  or  indicating 

0-01425 N2O3=0031875 NOgNa  per  cub.  centim. 

The  reaction  is  as  follows : — 

3  N2O3 + 2  KgCr A  +  8  SO4H3 =6  NOaH  +  2  SO4K2  +  2  Cr^  (SOJa 

+  5  H3O. 

The  20  cub.  centims  of  bichromate  solution  are  contained  in  a 
100-cubic-centim.  flask;  and  the  nitrous  vitriol  is  added  slowly. 
The  liquid  turns  successively  brown,  brownish  yellow,  brownish 
green,  yellowish  green,  and  at  last  blue-green.  The  transition  &om 
yellow-green  is  very  marked,  and  shows  the  end  of  the  reaction.  If 
more  nitrous  vitriol  is  added,  brownish-yellow  vapours  appear  on 
the  top  of  the  liquid.  If  it  gets  too  warm  during  the  work,  it  must 
be  cooled  by  placing  the  flask  in  cold  water. 

Gerstenhofer's  table  is  the  following  : — 

Cub.  centims.  of  Per  cent,  of  Per  cent  of 

nitrons  yitriol  nitric  add,  95-per-oent. 

used.  66°  Tw.  nitrate  of  soda. 

10  9-8  7-8 

11  8-5  6-8 

12  8-2  6-6 

13  7-6  6-0 

14  70  5-6 

15  6-6  5-2 

16  61  4-9 

17  5-8  4-6 


Cub.  centima.  of 

nitrous  vitriol 

used. 

18      
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Per  cent,  of 

nitric  acid, 

66°  Tw. 

5-5     

Per  cent,  of 

95-per-oent. 

nitrate  of  soda. 

4-4 

19      

5-2     

41 

20      

4-9     

3-9 

21     

4-7     

3-7 

22     

4-5     

3-6 

23     

4-3     

3-4 

24     

4-1     

3-2 

25     

8-9     

31 

27     

3-6     

2-9 

80     

3-3     

2-6 

63 


This  does  not  agree  with  the  equation  given  above,  according 
to  which  20  cub.  centims.  of  the  bichromate  ought  to  indicate 
0-6375  NOgNa. 

Among  all  the  analytical  methods  founded  upon  the  oxidation  of 
nitrous  acid,  both  the  most  convenient  and  the  most  accurate  is 
that  with  potassium  permanganate,  first  proposed  by  Feldhaus. 
Even  for  scientific  purposes,  there  is  no  more  accurate  method  for 
estimating  nitrous  acid  in  an  acid  solution  than  this,  if  other 
oxidizable  bodies  be  absent. 

Even  nitric  oxide  is  oxidized  by  this  reagent,  according  to  this 
equation : — 

10  NO  4-6  Mn04K+9  SO4Hg=10NO3H+3  S04Ka  +  6  S04Mn 

4-4HgO. 

Accordingly  the  seminormal  solution  of  permanganate,  each  cub. 
centim.  of  which  corresponds  to  0*004  O,  will  show  0*005  NO  for 
each  cub.  centim.  Thus,  on  the  one  hand,  nitric  oxide  can  be 
estimated  quantitatively  by  this  reagent  j  on  the  other  hand,  the 
nitric  oxide  would  make  the  estimation  of  nitrous  acid  inaccurate 
if  it  were  present  at  the  same  time,  which,  fortunately,  is  not  the 
case  in  sulphuric  acid. 

Nitrous  acid  itself  is  oxidized  by  permanganate,  according  to 
the  equation 

5NgO8+4MnO4K  +  6SO4Hg=10NO3H  +  2SO4K2+4SO4Mn 

H-HjO. 
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Here  every  cub.  centim.  of  seminormal  permanganate  solution  cor- 
responds to  0'0095  gram  NgOg. 

The  process  formerly  most  in  use  was  the  following : — The  nitrous 
vitriol  was  diluted  to  about  100  times  its  volume.  Winkler  asserted 
that  this  can  be  done  without  any  loss  of  nitrogen  compounds^ 
if  the  nitrous  vitriol  be  first  mixed  with  three  or  four  times 
its  bulk  of  pure  sulphuric  acid,  and  the  mixture  be  then  carefully 
poured  into  cold  water  100  or  200  times  the  volume  of  the  nitrous 
vitriol,  constantly  agitating  the  liquid.  Then  permanganate  is  run 
in  from  a  burette.  It  is  at  first  decolorized  rapidly,  then  more 
slowly,  as  the  oxidation  of  nitrous  acid  in  very  dilute  liquids  is  not 
instantaneous.  The  end  of  the  reaction  is  assumed  if  the  pink 
colour  has  stood  for  two  minutes.  Later  on,  however,  it  bleaches 
out,  owing  to  the  presence  of  organic  substances,  which  gradually 
act  upon  the  permanganate. 

The  author  has  shown  {I.  c.)  that  in  this  operation  the  figures  ob- 
tained are  always  too  low,  and  has  directly  proved  the  nitric  acid 
formed  in  diluting  the  vitriol.  Much  better  results  are  obtained 
by  a  modification  which  Professor  Winkler  has  privately  commu- 
nicated to  the  author,  according  to  which  5  or  10  cub.  centims.  of 
nitrous  vitriol  are  run  out  of  a  pipette  onto  the  bottom  of  a  beaker 
containing  about  500  cub.  centims.  of  water.  The  liquids  are  at 
first  not  mixed ;  and  when  the  permanganate  is  added,  the  reaction 
principally  takes  place  in  the  lower  part  of  the  liquid,  where  the 
nitrous  vitriol  is  very  little  diluted.  The  results  thus  obtained  are 
not  quite  accurate  yet,  but  sufficiently  so  for  ordinary  factory  work. 
Still  simpler  is  the  plan  of  running  the  vitriol  into  a  small  dry 
beaker,  and  pouring  about  three  fourths  of  the  requisite  quantity 
of  permanganate  on  the  top  of  it.  At  the  point  of  contact  the 
nitrous  acid  is  gradually  oxidized  as  the  vitriol  gets  diluted.  After 
a  few  minutes  the  liquids  are  mixed  by  shaking,  and  quickly  as 
much  more  permanganate  is  added  as  suffices  for  producing  a  pink 
colour. 

The  permanganate  method  has  been  reproached  with  not  giving 
constant  results  (Davis,  /.  c),  and  with  not  proceeding  according  to 
the  theoretical  equation  (Crowder,  /.  c) .  These  reproaches  lapse 
when  the  process  is  not  carried  out  by  adding  the  permanganate  to 
the  vitriol,  but,  as  is  done  with  so  many  other  processes,  a  certain 
volume  of  permanganate  solution  is  taken,  and  the  nitrous  vitriol 
is  run  in  very  slowly,  and  with  constant  shaking,  till  the  liquid  is 
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just  decolorized.  Here  also^  in  the  end^  some  time  must  be  taken 
(Davis,  Chem.  News,  xxv.  p.  25),  since  the  very  dilute  solution  of 
permanganate  is  no  longer  acted  upon  instantaneously.  This  loss 
of  time  can  be  avoided  by  working  at  30°  to  40°  C.  but  no  higher. 
The  seminormal  permanganate  solution  ought  to  be  diluted  to  from 
five-  to  tenfold.  The  author  has  proved  the  perfect  accuracy  of  the 
permanganate  method  in  this  modification. 

With  this  process  nitrous  and  nitric  acid  can  be  estimated  at  the 
same  time.  First  of  all,  the  nitrous  acid  is  estimated  in  the  manner 
just  described,  so  that  the  liquid  at  the  end  of  the  operation  only 
contains  nitric  acid,  sulphuric  acid,  and  potassium  and  manganese 
sulphates.  Now  a  certain  volume  of  ferrous  sulphate  solution  is 
added,  and  the  total  nitric  acid  is  estimated  in  the  manner  described 
on  p.  55,  viz.  by  boiling  with  exclusion  of  air  and  titrating  back  with 
permanganate*. 

Kolb  takes  two  samples,  one  of  which  he  titrates  for  N^Og  with 
permanganate ;  to  the  other  he  adds  ferrous  sulphate  directly,  and 
titrates  back  with  permanganate. 

In  the  presence  of  other  oxidizable  substances,  such  as  sulphurous 
acid,  ferrous  salts,  organic  substances,  &c.,  all  oxidation  methods  are 
of  course  inexact,  whether  the  bleaching-powder,  or  the  bichromate, 
or  the  permanganate  process.  Generally  those  impurities  are  too 
insignificant  to  do  any  harm ;  and  especially  where  large  quanti- 
ties of  nitrous  acid  are  present,  as  in  the  nitrous  vitriol  from  the 
Gay-Lussac  towers,  the  permanganate  process  is  quite  sufficient 
for  the  purpose  of  checking  the  course  of  manufacture.  Of  the 
oxidizable  substances  only  arsenious  acid  sometimes  occurs  in  suf- 
ficient quantities  to  affect  the  results  sensibly,  but  to  a  small  extent 
only,  in  nitrous  vitriol,  where  it  is  mostly  changed  into  arsenic  acid. 

A  process  which  is  free  from  all  the  drawbacks  of  the  processes 
hitherto  described,  and  which,  with  careful  manipulation,  yields 
perfectly  accurate  results  in  a  very  short  time,  was  discovered 
by  Walter  Crum  (Phil.  Mag.  xxx.  p.  426) .  It  has  been  further 
improved  by  John  Watts,  and  has  become  better  known  by  a  paper 
of  Davis's  ('Chemical  News,'  xxxvii.  p.  45).  The  sulphuric  acid 
containing  nitrogen  acids  is  introduced  into  a  graduated  tube  filled 
with  mercury  and   standing  in  a  mercury-trough.      It  is   then 

*  From  the  nitric  acid  tbuB  found  that  quantity  is  deducted  which  has  been 
Ibnned  from  the  nitrous  acid  originally  present.  The  remainder  must  have  been 
present  firom  the  first  as  nitric  add. 
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shaken  up  with  the  mercuiy,  which  almost  immediately  reduces  all 
nitrogen  acids  to  nitric  oxide,  NO.  The  mercury  inside  and  out- 
side the  tube  is  brought  to  the  same  level  by  lowering  the  tube  into 
a  depression  worked  in  the  trough ;  and  the  read-oflF  volume  of  NO 
is  calculated  for  N^Og  or  N^Og  &c. 

The  author,  by  a  series  of  analyses,  has  proved  the  accuracy  of 
this  method,  and  has  found  that  the  presence  of  arsenic  and  of 
organic  substances  does  not  interfere  with  it  (Lunge,  in  '  Berichte 
d.  deutsch.  chem.  Ges.'  xi.  p.  436).  However,  the  apparatus  intro- 
duced by  Davis  is  not  very  handy  for  technical  laboratories,  espe- 
cially from  the  necessity  of  a  mercury-trough.  Davis  has  certainly 
constructed  a  form  of  trough  only  holding  10  lb.  of  mercury ;  but 
this  necessitates  a  very  short  tube,  and  makes  the  shaking  rather 
awkward ;  it  is  also  troublesome  to  clean  the  tube  every  time.  The 
author  has  therefore  constructed  an  apparatus  which  contains  no 
trough  at  all,  in  which  only  very  little  more  mercury  is  used  than 
is  required  for  filling  the  tube  itself  (less  than  2  lb.),  in  which  the 
operator  does  not  touch  the  mercury  at  all,  and  which  can  be 
readily  cleaned  out  after  each  operation.  This  apparatus^  which 
the  author  has  proposed  to  call  a  "  nitrometer,^'  is  represented  in 
fig-  4. 

Its  principal  portion  is  a  glass  tube,  a,  of  a  little  over  50  cub. 
centims.  capacity,  divided  into  fifths  of  a  cub.  centim.,  and,  for  the 
sake  of  suspending  it  in  the  stand,  a  little  narrowed  in  its  lower  half. 
At  the  bottom  it  tapers  to  fit  into  an  elastic  joint ;  at  the  top  it  ends 
in  a  funnel  communicating  with  the  inner  part  of  the  tube  by  a 
cock  of  the  same  kind  as  that  employed  by  Winkler  in  his  gas- 
burette.  Its  plug  has  one  bore  at  right  angles  to  its  length,  through 
which  the  measuring-tube  communicates  with  the  funnel,  and  an- 
other curved  bore  through  which  the  contents  of  the  funnel  can  be 
run  oflF  in  the  direction  of  the  axis  of  the  plug.  To  this  a  short 
elastic  tube  with  a  screw-clamp  and  a  short  bit  of  glass  tubing  are 
attached.  The  division  of  the  measuring-tube,  a,  begins  from  the 
cock  itself,  and  goes  from  the  top  downwards.  The  tube  a  hangs 
in  a  clamp,  which  can  be  instantaneously  opened  by  a  spring,  so 
that  the  tube  can  be  taken  out.  Another  clamp,  sliding  on  the 
same  stand,  carries  a  plain  cylindrical  glass  tube,  i,  tapering  below, 
of  the  same  contents  and  about  the  same  diameter  as  the  measuring- 
tube.  The  lower  ends  of  the  two  tubes  are  connected  by  a  thick 
elastic  tube,     b  slides  up  and  down  in  its  clamp  with  friction.     In 
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rder  to  use  the  apparatus^  b  is  placed  so  that  its  lower  end  is 
ither  higher  than  the  cock  of  a,  and^  the  latter  being  opened^  mer- 


Fig.  4. 


iry  is  poured  in  through  b  till  it  has  just  entered  the  funnel  of  a, 
8  it  flows  into  a  from  below^  it  will  not  allow  any  air-bubbles  to 
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remain  in  the  tube.  The  cock  is  now  closed ;  the  mercury  standing 
in  the  funnel  is  run  off  by  the  lateral  bore  of  the  cock ;  b  is  lowered  j 
and  the  vitriol  to  be  tested  is  run  into  the  funnel  by  means  of  a 
fine  pipette.  Of  course  it  is  necessary  to  have  an  idea  of  the  maxi- 
mum quantity  of  NO  which  may  be  given  oflf  without  expelling  the 
mercury  from  the  tube  altogether ;  and  the  quantity  of  vitriol  must 
be  taken  accordingly.  By  carefully  opening  the  cock,  the  acid  is 
run  into  a  without  any  air  being  allowed  to  enter ;  in  a  similar  way 
the  funnel  is  washed  out  twice  by  means  of  pure  concentrated  sul- 
phuric acid.  It  is  not  advisable  to  put  more  than  8  to  10  cub. 
ccntims.  of  acid  into  the  apparatus  ;  much  better  only  4  to  5  cub. 
centims.  altogether  are  used ;  but  in  any  case  there  must  be  an 
excess  of  strong  sulphuric  acid  present.  Now  the  tube  a  is  taken 
out  of  the  spring  clamp  and  well  shaken  up.  The  evolution  of  gas 
in  the  case  of  nitrous  acid  commences  at  Once — the  acid  taking  a 
purple  colour,  in  the  case  of  nitric  acid,  after  a  minute  or  so.  The 
reaction  is  ended  by  one  or  two  minutes*  violent  shaking.  Some- 
times it  takes  a  good  while  before  the  acid  clears  and  the  froth  sub- 
sides ;  but  mostly  this  is  the  case  in  a  very  short  time ;  and  any- 
how it  is  necessary  to  wait  a  little,  so  that  the  apparatus  may  take 
the  temperature  of  the  air.  Now  by  sliding  b  up  or  down,  the  level 
of  the  mercury  in  this  tube  is  so  placed  that  it  is  as  much  higher 
than  that  of  a  as  corresponds  to  the  vitriol ;  say,  for  each  7  millims. 
of  acid  1  millim.  of  mercury ;  or  else  the  level  of  the  mercury  is 
made  the  same  in  both  tubes,  and  the  height  of  mercury  cor- 
responding to  the  layer  of  vitriol  in  the  tube  is  deducted  from  the 
barometrical  pressure.  The  volume  of  the  nitric  oxide  can  be  read 
off  to  ifV  cub.  centim. ;  it  is  reduced  by  Bunsen's  tables  to  0°  and 
760  millims.  mercurial  pressure,  and  the  percentage  of  the  acid  cal- 
cidated  from  it.  Each  cub.  centim.  of  NO,  measured  at  QP  and 
760  millims.,  corresponds  to  1*343  milligr.  NO,  or  1*701  milligr. 
NaOa,  or  2-417  milligrs.  N^O^,  or  4*521  mUligrs.  NO3K,  or 
3*805  NOgNa.  By  this  process,  of  course,  nitric  and  nitrous  acids 
cannot  be  distinguished,  but  are  always  estimated  together. 

After  reading  ofiF,  b  is  again  placed  higher,  the  cock  of  a  is 
opened,  and  thus  first  the  nitric  oxide  and  then  the  vitriol,  muddy 
with  mercuric  siQphate,  is  driven  into  the  funnel.  When  the  mer- 
cury begins  to  enter  the  same  as  well,  the  cock  is  closed,  the  acid  is 
run  away  through  the  lateral  bore,  and  every  thing  is  ready  again  for 


ANALYSIS.  69 

a  new  testing.  Firsts  the  screw-clamp  on  the  end  of  the  glass  cock 
is  closed  again^  lest  any  fresh  vitriol  should  run  into  the  side  tube ; 
but  it  is  easy  to  turn  the  plug  so  that  the  funnel  during  the 
running-in  of  fresh  vitriol  does  not  communicate  either  with  the 
tube  a  or  the  lateral  bore  of  the  cock.  If  any  sensible  quantities 
of  sulphurous  acid  be  present^  it  is  best  to  add  a  little  powdered 
potassium  permanganate  to  the  vitriol. 
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CHAPTER  III. 

HISTORICAL  AND  GEXERAL  NOTES  ON  THE  MANUFACTURE 

OF  SULPHURIC  ACID. 

History  of  the  Manufacture  of  Sulphuric  Acid. 

According  to  Rodwell  (^  Birth  of  Chemistry ')  it  is  very  probable 
that  sulphuric  acid  was  already  known  to  the  ancients ;  but  usually 
its  firsts  although  indistinct^  mention  is  ascribed  to  the  Arab 
Geber,  who  speaks  of  the  '^  spirit "  which  can  be  expelled  from 
alum  and  which  possesses  solvent  powers.  Others  give  this 
honour  to  the  Persian  alchemist  Abu-Bekr-Alrhases,  who  is  said 
to  have  died  in  940.  Vincentius  de  Beauvais  (about  1250)  alludes 
to  it;  and  Albertus  Magnus  (1 193-1280)  speaks  of  a  spiritus 
vitrioli  Romani,  which  can  only  have  been  sulphuric  acid;  his 
"  sulphur  philosophorum  ^'  is  the  same  thing. 

With  all  distinctness  Basilius  Valentinus,  in  his  '  Revelation  of 
the  Hidden  Manipulations/  describes  its  preparation  from  calcined 
copperas  and  silica ;  and  in  his  '  Triumphal  Car  of  Antimony/  its 
preparation  by  burning  sulphur  with  saltpetre  (Kopp,  '  Geschichte 
der  Chemie/  iii.  p.  303) ;  but  he  took  the  two  for  diflFerent  substances. 

Gerhard  Domseus  (1570)  described  its  properties  accurately; 
Libavius  (1595)  recognized  the  identity  of  the  acids  from  different 
processes  of  preparation;  the  same  was  done  by  Angelus  Sala 
(1613),  who  pointed  out  the  fact,  which  had  sunk  into  oblivion  since 
Basilius,  that  sulphuric  acid  can  be  obtained  by  burning  sulphur 
in  moist  vessels  (of  course  with  access  of  air) ;  after  that  time  it 
was  prepared  by  the  apothecaries  in  this  way.  An  essential  im- 
provement, viz.  the  addition  of  a  little  saltpetre,  was  introduced  in 
1666  by  Nicolas  le  Pivre  and  Nicolas  Ldmery.  This  caused  a 
sort  of  manufacture  of  vitriol  which  is  said  to  have  been  introduced 
into  England  by  Cornelius  Drebbcl :  this  only  is  certain — that  a 
quack  doctor  of  the  name  of  Ward  first  carried  on  sulphuric-acid 
making  ^n  a  large  scale  at  Richmond  near  London,  probably  a 
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little  before  1740.  Ward  employed  large  glass  vessels  up  to  66 
gallons  capacity,  which  stood  in  two  rows  in  a  sand-bath,  and  which 
were  provided  with  horizontally  projecting  necks  j  at  the  bottom 
they  contained  a  little  water.  In  each  neck  there  was  an  earthen- 
ware pot,  and  on  this  a  small  red-hot  iron  dish,  into  which  a  mix- 
ture of  one  part  saltpetre  and  eight  parts  of  brimstone  were  put ; 
then  the  neck  of  the  bottle  was  closed  with  a  wooden  plug ;  on 
the  combustion  being  finished,  fresh  air  was  allowed  to  enter  the 
vessel,  and  the  operation  was  repeated  till  the  acid  had  become 
strong  enough  to  pay  for  concentrating  in  glass  retorts. 

Ward  called  the  product  '^oil  of  vitriol  made  by  the  bell^' 
(already  Basilius  Valentinus  had  used  the  expression  '^  per  cam- 
panam^'  in  this  sense),  in  order  to  distinguish  the  spirit  of  vitriol 
made  from  brimstone  from  that  distilled  from  copperas,  the  latter 
having  been  made  on  a  kind  of  manufacturing  scale  in  England 
previously :  an  exact  description  of  this  is  given  by  J.  C.  Bernhardt 
in  his  '  Chemische  Versuche  und  Erfahrungen,^  1755.  Ward^s 
process,  troublesome  as  it  is,  reduced  the  price  of  the  acid  from 
2s.  6rf.  per  ounce  (the  price  of  the  acid  from  copperas  or  from 
burning  brimstone  under  a  moist  glass  jar)  to  2s.  per  lb. 

An  extremely  important  improvement  in  this  process  was  the 
introduction  of  the  l^ad  chambers^  which  by  general  consent  is 
ascribed  to  a  Dr.  Roebuck  of  Birmingham,  wlio  in  1746  erected 
such  a  chamber  6  feet  square,  and  in  1749,  in  partnership  with 
Mr.  Garbett,  built  a  factory,  founded  thereon,  at  Prestonpans  in 
Scotland,  in  order  to  supply  acid  for  the  bleaching  of  linen.  The 
mixture  of  brimstone  and  saltpetre  in  the  above  proportion  was 
put  into  small  iron  waggons  which  were  run  into  the  chamber  on  a 
railway;'  the  chamber  was  closed,  and  the  process  carried  on  inter- 
mittently in  this  way. 

Soon  other  works  followed  at  Dowlcs  in  Worcestershire,  where 
the  chambers  were  already  made  10  feet  square;  in  1772  there 
was  a  factory  erected  in  London  with  71  cylindrical  lead  chambers, 
each  6  feet  diameter  and  6  feet  high.  In  1797  there  were  already 
six  or  eight  works  in  Glasgow  alone.  According  to  the  statements 
given  in  Mactear's  '  Report  of  the  Alkali  and  Bleaching-Powder 
Manufacture  in  the  Glasgow  District^  (p.  8),  the  acid  at  that  time 
cost  the  Glasgow  manufacturers  .€32  per  ton,  and  was  sold  at  £54. 
At  RadclifTe,  near  Manchester,  it  cost,  in  1799,  £21  10^.  per  ton, 
without  interest  on  capital.     In  the  latter  place  there  were  six 
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chambers  12  feet  long,  12  feet  wide,  and  10  feet  high,  with  roofs 
like  those  of  houses,  and  valves  opened  between  each  operation ; 
on  their  bottom  there  were  8  or  9  inches  of  water ;  every  four 
hours  there  was  burnt  in  each  chamber  a  mixture  of  1  lb.  saltpetre 
and  7  lb.  brimstone  on  iron  shelves,  of  which  each  chamber  con- 
tained four,  4  inches  distant  from  one  another.  The  shelves  were 
made  of  very  thin  iron,  in  order  to  get  heated  very  quickly,  and 
rested  on  iron  frames,  by  means  of  which  they  could  be  slid  in  and 
out ;  a  quarter  of  an  hour  before  each  operation  the  valves  and 
doors  were  opened  in  order  to  allow  air  to  enter.  Thus,  weekly, 
1386  lb.  of  brimstone  and  198  lb.  of  saltpetre  were  burnt,  yield- 
ing 1800  lb.  of  oil  of  vitriol — that  is,  130  per  cent,  of  the  sulphur 
with  a  consumption  of  14*28  per  cent,  saltpetre  on  tho  same.  In 
six  weeks  the  strength  of  the  acid  only  attained  1*250  sp.  gr. ;  it 
was  then  run  off  and  concentrated  up  to  1*375  sp.  gr.,  in  which 
state  it  was  used  and  sold.  At  Prestonpans,  in  1800,  only  a  yield 
of  111  per  cent,  on  the  sulphur  was  attained,  with  a  consumption 
of  13  per  cent,  saltpetre  on  the  brimstone;  in  1813  there  were  in 
that  place  108  chambers  of  14  feet  length,  10  feet  height,  and 
4i  feet  width.  In  1805  there  existed  at  Burntisland  a  factory  with 
860  chambers  of  a  capacity  of  19  cubic  feet  each. 

In  the  mean  time  the  first  lead  chamber  in  France  had  been 
erected  at  Rouen  by  Holker  in  1766.  In  1774,  in  that  place,  on 
the  advice  of  De  la  FoUie,  an  important  improvement  was  intro- 
duced, viz.  the  introduction  of  steam  into  the  chambers  during  the 
combustion  of  brimstone.  In  1793  Clement  and  Desormes  showed 
that  the  acid-chambers  can  be  fed  by  a  continuous  current  of  air, 
by  which  a  great  deal  of  saltpetre  could  be  saved.  They  showed 
that  the  oxidation  of  sulphurous  acid  takes  place  to  the  extent  of 
nine  tenths  at  the  expense  of  atmospheric  oxygen,  and  that  the 
saltpetre  only  plays  the  part  of  intermediary  between  the  air  and 
the  sulphurous  acid.  By  this  the  modem  theory  of  the  essence  of 
the  sulphuric-acid-making  process  was  established ;  but  it  took  a 
remarkably  long  time  before  the  difficulties  were  overcome  which 
stood  in  the  way  of  introducing  the  continuous  system  into  prac- 
tice. Usually  the  introduction  of  the  continuous  burning  of 
brimstone  is  ascribed  to  Jean  Holker  (a  grandson  of  the  first 
Holker),  in  1810 ;  but,  according  to  Mactear,  a  continuous  system 
had  been  introduced  at  St.  Rollox,  at  least  partially,  already  in 
1807 :  steam  was  first  introduced  there  in  1813  or  1814. 
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In  Germany  the  first  lead  chambers  seem  to  have  been  those 
at  Ringkuhl^  near  Cassel.  One  of  the  oldest  chambers  was  that 
erected  by  a  Dr.  Richard  at  Potschappel  near  Dresden  in  1820 ; 
as  he  had  no  plumber  at  his  disposal^  he  had  to  solder  the  chamber 
himself  with  soft  solder  and  a  smoothing-iron  (Bode^  in  his  transla- 
tion of  H.  A.  Smith's  ^  Sulphuric  Acid  Manufacture/  p.  96) .  This 
chamber  was  still  charged  intermittently,  100  lb.  of  brimstone 
yielding  only  150  lb.  of  vitriol.  It  must  therefore  be  said  that 
the  industry  of  vitriol- making  was  very  late  in  gaining  a  footing  in 
Gtermany. 

Kestner,  of  Thann  in  Alsace,  was  the  first  to  collect  the  products 
of  condensation  at  the  chamber-sides  in  order  to  regulate  the  work- 
ing of  the  chambers  thereby;  this  innovation  was  at  once  con- 
sidered of  such  importance  that  Kestner  was  called  to  Olasgow  in 
order  to  introduce  his  plan  into  Teunant's  works. 

At  last,  in  1827,  Oay-Lussac's  condensing-apparatus  for  the 
nitre-gas  escaping  from  the  chambers  was  invented;  in  Glasgow 
this  apparatus  was  erected  in  1844.  But  we  have  now  come  so 
near  the  present  time  that  we  may  conclude  the  historical  part  of 
our  task. 

General  Principles  of  the  Manufacture  of  Sulphuric  Acid. 

Sulphuric  acid  can  be  obtained  on  a  large  scale  in  one  of 
two  ways — viz.,  first,  by  burning  brimstone  or  metallic  sulphides 
into  sulphurous  acid  and  further  oxidizing  the  latter,  or,  secondly, 
by  decomposing  natural  or  artificially  prepared  sulphates.  The 
latter  process,  apart  from  several  proposals  so  far  not  carried  out 
practically,  only  serves  for  making  fuming  oil  of  vitriol,  which 
wiU  be  treated  of  hereafter ;  by  far  the  greater  portion  of  sulphuric 
acid  is  obtained  by  the  former  process,  which  will  occupy  us  in  the 
first  instance.  We  shall,  at  first,  only  describe  those  apparatus 
and  processes  which  actually  serve  for  manufacturing  on  a  large 
scale ;  and  we  shall  close  by  mentioning  the  alterations  which  have 
merely  remained  as  proposals,  as  well  as  the  processes  founded  on 
totally  new  principles. 

By  the  combustion  of  sulphur,  either  free  (as  brimstone)  or  com- 
bined with  metals,  sulphurous  acid  (sulphur  dioxide,  SOJ  is  always 
formed  at  first.  Brimstone  ignites  in  the  air  at  a  temperature 
rather  below  300°  C. :  and  when  once  it  has  begun  to  bum,  the 
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heat  generated  suffices  to  raise  the  whole  of  the  sulphur  to  the 
point  of  ignition,  provided  that  sufficient  air  be  present.  A 
series  of  metallic  sulphides  behaves  similarly ;  the  most  important 
of  these  for  our  purpose  is  the  iron  bisulphide,  FeS^ ;  but  here 
special  precautions  must  be  taken,  so  that  the  whole  mass  may  be 
completely  burnt  (roasted).  In  both  cases,  along  with  sulphur 
dioxide,  SO^,  a  little  trioxide  (sulphuric  anhydride),  SO3,  is  al- 
ways formed,  and,  in  the  presence  of  water  or  steam,  also  sulphuric 
acid,  SO4H2,  more  or  less  diluted  with  water.  Moreover  an  aqueous 
solution  of  sulphurous  acid  in  contact  with  air  gradually  changes 
into  sulphuric  acid.  In  both  cases  it  is,  of  course,  the  oxygen  of 
the  air  which  converts  the  SOg  into  SO3  or  SO4H2 ;  but  this  re- 
action at  the  ordinary  or  only  a  moderately  high  temperature  goes  on 
far  too  slowly  to  be  applicable  for  technical  purposes.  There  are 
two  ways  of  increasing  the  affinity  between  SOg  and  O,  either  in  the 
presence  or  in  the  absence  of  H^O.  One  way  (which  can  be  em- 
ployed also  in  the  absence  of  water  or  steam)  is  the  employment  of 
porous  substances,  which  condense  both  the  oxygen  and  the  sul- 
phurous acid ;  the  affinity  between  the  molecules  tlms  brought 
much  closer  together  is  increased  to  such  an  extent  that 
ultimately  they  combine  chemically,  at  least  partially,  and  yield 
sulphuric  anhydride  or  hydrate,  according  to  whether  w^ater  is 
present  or  absent.  As  such  porous  substances,  pumice,  burnt 
clay,  chromium  sesquioxide,  iron  peroxide,  cupric  oxide,  even 
cotton-wool,  have  been  recommended.  The  action  of  these  sub- 
stances, however,  which  must  always  be  increased  by  higher  tem- 
peratures, is  so  incomplete  that  they  have  found  no  technical 
application.  The  case  stands  rather  better  with  platinum,  which, 
as  is  well  known,  exercises  an  extraordinarily  strong  condensing 
power  upon  gases  at  its  surface,  so  that,  for  instance,  hydrogen 
and  oxygen  can  be  brought  thereby  to  combine  at  the  ordinary 
temperature.  The  more  finely  divided  the  platinum  is,  the  larger, 
therefore,  its  surface  for  a  certain  weight,  the  more  energetically 
it  acts  in  that  way ;  and  the  best  results  have  been  obtained  with 
platinized  pumice  and  asbestos.  This  will  be  explained  in  detail 
with  the  fuming  oil  of  vitriol ;  here  it  may  suffice  to  say  that  pla- 
tinum, even  in  its  most  finely  divided  form,  cannot  form  the  foun- 
dation of  a  real  manufacture  of  sulphuric  acid,  and  that  the  only 
successful  proposal  for  utilizing  it  starts  from  already  manufactured 
acid,  in  order  to  make  anhydride  from  it. 
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The  second  way  of  making  the  oxygen  of  the  air  better  adapted 
for  combining  with  sulphurous  acid  is  the  only  one  actually  employed 
in  practice.  It  is  founded  on  the  property  of  the  acids  of  nitrogen 
of  decomposing^  in  the  presence  of  water  and.  sulphurous  acid,  to 
nitric  oxide  and  sulphuric  acid,  and  upon  the  property  of  nitric 
oxide  of  re-forming  higher  nitrogen  oxides  in  the  presence  of  oxy- 
gen (or  air).  This  process  will  be  explained  in  detail  when  we  treat 
of  the  theory  of  the  formation  of  sulphuric  acid. 

We  have  just  seen  that  the  reaction  between  nitrogen  acids  and 
sulphurous  acids  only  goes  on  in  the  presence  of  water ;  and  we 
must  add  at  once  that,  in  practice,  much  more  water  is  needed  than 
suffices  for  the  formation  of  SO4H2 ;  the  sulphuric  acid  formed  is 
therefore  always  dilute,  and  must  be  concentrated  for  most 
purposes. 

For  some  purposes  the  acid  «iust  also  be  deprived  of  certain 
foreign  substances  which  get  into  it  from  the  raw  materials  and 
the  apparatus;  and  in  that  case  the  sulphuric  acid  has  to  be 
purified. 

Thus  our  subject  subdivides  itself  into  the  following  headings  : — 

1.  The  generation  of  sulphurous  acid.  Since  the  respective  pro- 
cesses differ  very  much,  both  as  to  apparatus  and  as  to  the  way  of 
proceeding,  we  have  to  distinguish  between  [a)  sulphurous  acid 
from  brimstone,  [b)  from  metallic  sulphides. 

2.  The  conversion  of  sulphurous  acid  into  sulphuric  acid,  which 
is  always  done  in  the  so-called  lead  chambers,  where  also  the 
introduction  of  nitric  acid  and  steam,  and  the  recovery  of  the 
nitre-gas  carried  away  by  the  draught,  will  be  described. 

3.  ^YiQ  purification, 

4.  The  concentration  of  vitriol. 

5.  The  utilization  of  the  by-products. 

All  this  will  be  preceded  by  an  examination  of  the  raw  materials 
of  the  sulphuric-acid  manufacture. 
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CHAPTER  IV. 

THE  RAW  MATERIALS  OF  THE  SULPHURIC-ACID 

MANUFACTURE. 

1.  Brimstone, 

Although^  as  we  shall  see  below^  brimstone  has  been  almost 
entirely  given  up  as  a  raw  material  for  vitriol-making  in  Europe 
(principally  because  its  price  is  much  higher  than  that  of  the  sul- 
phur in  pyrites),  yet  the  export  from  Sicily  has  almost  constantly 
been  increasing,  as  is  shown  by  the  following  table  (from  Hasen- 
clever,  in  Hofmann's  Report,  1873,  vol.  i.  p.  155)  : — 

tons. 

1862 143323 

1863 147035 

1864 139841 

1865 138232 

1866 179110 

1867 192320 

1868 172387 

1869 170141 

1870 172751 

1871 171236 

In  1875  there  were  exported  from  the  three  principal  ports  of 
Sicily  217976  tons  of  brimstone,  of  which  50195  went  to  England, 
40464  to  France,  and  26139  to  America;  in  1877,  altogether  231748 
tons,  viz.  51818  to  England,  38440  to  France,  42589  to  America, 
98896  to  Italy  and  other  countries. 

The  cause  of  this  large  exportation  is  partly  the  increased  manu- 
facture of  gunpowder — mostly,  however,  the  enormous  consumption 
of  sulphur  in  the  vineyards  of  France,  Italy,  and  Spain  for  com- 
bating the  Oidium.  It  was,  indeed,  especially  the  rise  in  the  price 
of  brimstone  consequent  upon  the  demand  for  it  from  the  wine- 
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countries^  which  has  driven  iif  out  of  the  vitriol  works,  after  (at  a 
former  period)  an  arbitrary  rise  in  the  price  of  brimstone  had  led 
to  the  first  use  of  pyrites  in  those  works. 

Looking  at  the  great  advantages  which  the  manufacture  from 
brimstone  oflfers  over  that  from  pyrites,  it  might  be  thought 
that  perhaps  at  a  future  time,  either  when  another  remedy  for  the 
disease  of  the  vine  is  found,  or  when  the  many  other  known 
sulphur-beds  are  properly  worked,  the  price  of  brimstone  would 
fall  sufficiently  to  allow  its  re-introduction  into  chemical  works ; 
but  this  is  hardly  likely  (except  under  special  circumstances,  such 
as  exist,  for  instance,  in  America),  since  the  cupreous  pyrites 
has  come  into  the  market,  in  which  the  copper  always  remains 
the  main  thing,  and  whose  sulphur  will  always  be  cheaper  than 
brimstone,  because  it  must  be  driven  off  before  the  copper  can 
be  obtained. 

Sulphur  (the  principal  constituent  of  brimstone)  is  an  element 
whose  atomic  weight  is  now  assumed  to  be  32.  It  is  very  brittle ; 
its  hardness  is  from  1*5  to  2*5  of  the  ordinary  mineralogical  scale ; 
its  specific  gravity  is  2'0454.  As  usually  occurring,  it  is  semi- 
transparent  at  the  edges  and  of  the  well-known  bright  yellow 
colour,  which  darkens  with  an  increase  of  temperature;  at  —50° 
it  is  nearly  devoid  of  colour.  Its  taste  and  smell  are  very  slight. 
It  does  not  conduct  electricity,  but  itself  becomes  electric  by  fric- 
tion ;  and  it  is  therefore  difficult  to  powder  finely,  as  it  adheres 
to  the  mortar  and  pestle. 

Sulphur  melts  at  111°'5  C,  and  forms  a  thin,  light-yellow  liquid, 
which,  on  being  more  strongly  heated,  becomes  darker  and  thicker ; 
at  250°  to  260°  C.  it  is  nearly  black,  and  so  viscid  that  it  does 
not  run  out  when  the  vessel  is  upset ;  at  a  still  higher  temperature 
it  becomes  thinner  again,  keeping  its  brown  colour ;  and  at  440°  C. 
it  boils,  forming  a  brownish-red  vapour ;  but  it  begins  to  volatilize 
before  boiling. 

Sulphur  exists  in  different  allotropic  condition.  That  occurring 
in  nature  often  appears  in  rhombic  crystals,  mostly  pointed 
rhombic  octahedra,  whose  physical  properties  have  been  described 
above ;  this  a-modification  is  also  obtained  by  crystallizing  sul- 
phur from  its  solution  in  carbon  bisulphide.  The  /8-modification 
is  obtained  by  slowly  cooling  melted  sulphur,  and  pouring  off  the 
liquid  portion  when  another  portion  has  crystallized ;  it  consists 
of  long  thin  oblique  rhombic  prisms,  belonging  to  the  monoclino- 
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hedric  system,  of  a  brownish-yellow  colour,  transparent,  spec.  grav. 
1*982;  they  gradually  pass  over  into  the  a-modification,  com- 
pletely so  after  a  few  days,  even  at  the  ordinary  temperature — 
suddenly  by  shaking  or  scratching;  the  colour  then  becomes 
light  yellow ;  and  the  crystals  lose  their  transparency,  but  remain 
as  pseudomorphs  of  the  a-sulphur.  The  sulphur  in  rolls  con- 
sists, when  fresh,  of  /3-sulphur — after  a  short  time,  of  a-sulphur. 
When  sulphur  has  been  heated  up  to  the  point  of  viscosity,  and 
is  then  poured  into  very  cold  water,  the  y-modification  is  formed, 
viz.  amorphous,  soft,  tough,  reddish-brown  sulphur,  of  1*957  spec, 
grav. ;  this  also  is  gradually  converted  into  a-sulphur ;  but  it  takes 
some  time  before  this  conversion  is  complete.  The  tough  state 
lasts  very  much  longer  if  resinous  substance,  iodine,  &c.  are  mixed 
with  the  sulphur,  even  in  very  small  quantity.  This  modification 
is  partly  contained  in  the  '^  flowers  "  of  sulphur. 

Heated  in  the  air  to  260°  C,  sulphur  inflames  and  bums  with  a 
purplish-blue  flame,  forming  sulphur-dioxide  (SOg),  and  giving 
out  2221  metrical  units  of  heat.  Sulphur  is  insoluble  in  water,  a 
very  little  soluble  in  alcohol,  rather  more  so  in  essential  oils,  but 
easily  soluble  (excepting  the  7-modification)  in  bisulphide  of  car- 
bon and  in  chloride  of  sulphur. 

Sulphur  occurs  in  nature  in  very  large  quantities,  both  in  the 
free  state  as  brimstone,  and  in  combination  with  other  bodies  as 
sulphides  and  sulphates.  Deposits  of  brimstone  are  forming  at 
the  present  time  in  volcanic  countries  by  the  decomposition  of 
sulphuretted  hydrogen  and  of  sulphurous  acid.  But  of  far  more 
importance  are  the  beds  of  brimstone  deposited  in  former  geological 
periods.  The  most  important  of  all  are  those  of  Sicily,  in  the 
Chalk ;  next,  those  in  the  Romagna  and  in  other  parts  of  Italy. 
The  Sicilian  brimstone-industry  is  described  in  detail  by  Angelo 
Barbaglia  in  Hofmann's  Ofiicial  Report  on  the  Vienna  Exhibition, 
i.  p.  144,  and  by  Parodi  (Berichte  d.  deutsch.  chem.  Ges.  1874, 
p.  358).  According  to  the  latter,  the  disposable  stock  of  brimstone 
in  Sicily  is  said  to  amount  to  ten  millions  of  tons ;  so  that  it  would 
be  exhausted  about  1950.  Other  calculations  give  more  than 
twice  that  figure.  The  apparatus  for  melting  the  sulphur  out  of 
the  ^'sulphur-earth'^  in  Sicily  is  also  described  by  Barbaglia;  we 
will  only  mention  that  the  melting  has  lately  been  very  success- 
fully effected  by  high-pressure  steam,  in  apparatus  quite  similar  to 
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that  of  Schafiiier,  wliich  will  be  described  with  the  recovery  of 
sulphur  from  alkali  waste. 

Other  beds  of  sulphur,  but  of  inconsiderable  extent,  have  long 
been  known  in  Croatia,  in  Upper  Silesia,  in  Poland,  especially  at 
Swoscowice  near  Cracow.  The  sulphur  is  here  contained  in  a 
marl,  of  which  annually  20,000  tons  are  got.  Formerly  it  was  ex- 
tracted by  distillation ;  latterly  this  has  been  done  partly  by  melting 
in  a  Schaffner^s  apparatus  (see  above),  partly  by  extraction  with  car- 
bon bisulphide.  A  few  beds  of  sulphur  are  worked  in  Spain,  others 
near  Mossul  in  Mesopotamia^  near  Cairo,  in  Tunis,  China,  Japan, 
Quito,  Mexico,  &c.  The  more  impoi*tant  sulphur-mines  worked 
or  discovered  during  the  last  few  years  are : — those  of  Djemsah 
and  Ranga,  on  the  coast  of  the  Red  Sea,  where  the  "  Compagnie 
Soufrifere ''  is  said  to  get  300  tons  monthly ;  in  Iceland,  where  there 
is  said  to  be  far  more  brimstone  than  in  Sicily ;  on  the  island  of 
Saba,  where  60  per  cent,  sulphur  is  contained  in  the  gypsum,  and 
which  is  claimed  as  the  richest  source  for  brimstone  in  the  world 
(Bangzett,  in  'Iron,'  vol.  iii.  p.  610) ;  in  the  Sierra  Nevada  (U.  S.  A.) 
also  most  extensive  sulphur-mines  are  said  to  exist.  Somehow, 
none  of  these  grand  mines  have  made  any  sensible  impression  upon 
the  sulphur  trade  as  yet. 

The  refining  of  sulphur  does  not  belong  to  our  task ;  we  shall 
only  mention  that  the  apparatus  of  Dujardin,  described  in  the 
modem  text-books,  is  still  that  mostly  used  in  practice.  In 
Belgium,  in  1871,  more  than  5280  tons  of  refined  sulphur  were 
obtained. 

Apart  from  the  brimstone  existing  in  the  free  state,  and  only 
mechanically  mixed  with  earthy  impurities,  a  certain  quantity  of 
sulphur  is  obtained  by  the  distillation  of  pyrites.  This,  however, 
pays  in  very  few  places,  except  under  special  circumstances — for 
instance,  at  the  works  of  T.  D.  Starck  in  Bohemia,  which  supply 
nearly  all  the  fuming  oil  of  vitriol,  and  where  the  distillation  of 
pyrites  is  practised  in  order  to  obtain  a  material  for  copperas- 
making.  Between  1863  and  1872,  2440  tons  of  sulphur  were  thus 
made.  The  distillation  takes  place  in  earthenware  tubes  3  ft.  3  in. 
long,  5  in.  high,  and  5^  in.  wide,  quite  open  at  the  back,  and  in 
front  narrowed  to  an  opening  of  |  in.  diameter ;  they  are  glazed 
with  common  salt ;  and  three  tiers  of  seven  tubes  each  are  placed  in 
each  furnace.     For  each  tube  there  is  a  small  receiver  of  sheet- 
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iron  half  filled  with  water,  and  attached  to  the  tapering  end  of 
the  tube.  The  charge  of  pyrites  is  put  into  the  open  end ;  a 
slanting  piece  of  sheet-iron  is  placed  in  front ;  and  the  opening 
is  closed  with  sand  or  pyrites  cinders,  as  shown  in  fig.  5. 

Rg.6. 


^ 


Here  only  one  third  of  the  sulphur  contained  in  the  pyrites  is 
gained ;  but  in  Sweden  half  (?)  of  the  sulphur  is  said  to  be  ob- 
tained in  a  furnace  built  similar  to  a  lime-kiln,  and  continued  at 
the  top  in  a  wooden  chimney  serving  as  condensing  space.  The 
kiln,  having  been  first  made  red-hot,  is  charged  with  pyrites,  of 
which  one  portion  is  burned  whilst  the  other  portion  volatilizes 
and  is  condensed  at  the  top.  The  work  is  carried  on  continuously, 
fresh  pyrites  being  from  time  to  time  introduced  through  an  open- 
ing near  the  top,  and  the  cinders  being  removed  at  the  bottom. 

P.  W.  Hofmann  (Dingl.  Joum.  ccxx.  p.  232)  has  made  a  pro- 
posal for  utilizing  the  sulphur  of  the  pyrites  smalls,  which  are 
obtained  in  enormous  quantities  at  the  pyrites-mines  and  are  very 
difficult  to  sell.  If  sulphurous  acid  is  conducted  over  red-hot 
calcium  sulphide  (from  alkali-waste),  it  is  at  first  completely 
absorbed ;  afterwards  sulphur  distils  over,  and  the  calcium  sulphide 
is  transformed  into  sulphate.  The  latter,  by  conducting  ordinary 
coal-gas  over  it  iu  a  red-hot  state,  or  by  mixing  it  with  eoal  and 
igniting,  is  reconverted  into  sulphide,  which  can  be  used  over 
again.  Hofmann  proposes  to  burn  the  pyrites  smalls  at  the  mines, 
to  obtain  their  sulphur  by  means  of  calcium  sulphide  in  a  state  fit 
for  sale,  to  treat  the  cinders  by  a  process  to  be  described  in  the 
16th  Chapter  for  zinc  chloride  and  sodium  sulphate,  and  to  work 
the  residue  for  pig-iron  in  a  blast-furnace.  This  proposal  has  not 
found  any  application  in  practice,  and  is  not  likely  to  do  so,  since 
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the  burning  of  pyrites  dust  by  the  new  shelf-furnace  is  equally 
advantageous  for  acid-making  with  that  of  lump  ore. 

Gerlach  (German  Patent  229,3rd  July,  1877)  proposes  to  obtain 
sulphur  from  sulphur-ores,  and  especially  from  the  spent  oxides  of 
gas-works,  by  heating  them  in  iron  or  fireclay  retorts  whilst  at  the 
same  time  superheated  steam  is  passed  through.  The  sulphur  is 
said  to  distil  very  rapidly. 

According  to  a  French  patent  of  the  Soci^te  de  St.  Gobain 
(No.  107,820,  28th  April,  1875),  on  the  top  shelf  of  an  ordinary 
shelf  burner  for  pyrites  smalls  (see  Chapter  VI.)  a  fireclay  retort 
is  to  be  placed,  in  which  the  pyrites  is  first  deprived,  by  distillation, 
of  a  portion  of  its  sulphur,  which  is  collected  in  the  well-known 
condensiDg-chambers  as  flowers  of  sulphur.  After  some  time  the 
partially  desulphurized  pyrites  is  let  down  to  the  next  lower  shelf, 
and  so  forth  lower  down.  Here  the  remainder  of  the  sulphur 
bums,  and  the  gas  goes  into  acid-chambers,  whilst  its  heat  causes 
the  distillation  of  further  portions  of  pyrites  in  the  retort.  This 
process  does  not  answer:  the  flowers  of  sulphur  obtained  arc 
very  acid;  and  both  the  burner  and  the  chambers  work  very 
badly. 

In  trade,  three  qualities  of  Sicilian  brimstone  are  distinguished. 
The  '^  firsts  '*  consist  of  large,  shining  pieces,  of  amber-colour,  and 
are  rarely  used  for  vitriol-making;  the  '' seconds ^^  are  not  so 
shining,  but  still  purely  yellow ;  the  ^Hhirds'^  are  of  a  dirtier  colour ; 
and  both  the  latter  qualities,  as  they  arrive  in  England,  contain 
much  powder.  They  are  generally  very  little  contaminated  with 
impurities,  and  often  only  leave  ^  per  cent,  of  ash,  very  rarely 
more  than  2  per  cent. 

The  only  and  entirely  sufficient  technical  assay  of  brimstone  is 
that  by  burning  a  weighed  quantity  in  a  small  porcelain  capsule, 
and  estimating  the  quantity  of  ash  left  behind. 

2.  Pyrites, 

Only  a  comparatively  very  small  quantity  of  sulphuric  acid  is 
still  made  from  brimstone.  Already,  in  1868,  Mactear  stated  that 
in  the  preceding  year,  of  a  total  consumption  of  160,000  tons  of 
sulphur,  only  10,000  to  20,000  tons  had  been  brimstone,  the 
remainder  being  furnished  by  pyrites,  of  which  375,000  tons  had 
been  consumed.     This  proportion  between  brimstone  and  pyrites 
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is  probably  even  more  unfavourable  for  the  former  to-day,  as  far 
as  Great  Britain  is  concerned.  Only  a  few  small  factories  make 
brimstone-acid  for  special  purposes  requiring  a  purer  vitriol ;  but  all 
alkali^  all  superphosphate,  and  even  the  greater  part  of  oil  of 
vitriol  (sold  as  such)  are  made  from  pyrites. 

In  Germany,  as  well,  brimstone  has  been  almost  entirely  abolished 
as  a  raw  material  for  vitriol-making.  But  in  the  United  States,  whose 
chemical  production  certainly  is  very  insignificant  in  comparison 
with  that  of  Europe,  brimstone  is  still  exclusively  employed  for 
that  purpose,  partly  imported  from  Sicily,  partly  found  in  several 
of  the  States  and  territories  of  the  Union  (Nevada,  Utah,  Wyoming, 
Montana).  Although  America  possesses  large  stocks  of  pyrites, 
the  enormous  distances  of  the  places  where  it  occurs  from  the 
manufacturing  centres  do  not  allow  of  its  application.  Several 
manufacturers  who  had  tried  to  use  pyrites  have  given  it  up  again 
(Goldschmidt,  ^  Austrian  Eeport  on  the  Philadelphia  Exhibition,' 
vii,  p.  5).  Even  the  large  and  widely-found  beds  of  cupreous  pyrites 
(mentioned  /.  c,  p.  11)  at  Vermont,  Missouri,  Lake  Superior,  Ten- 
nessee, Virginia,  &c.  have  not  found  any  similar  use  to  that  of  the 
Spanish  and  Norwegian  pyrites  in  Europe ;  but  this  can  only  be  a 
question  of  time. 

The  first  application  of  pyrites  for  sulphuric-acid-making  is  gene- 
rally ascribed  to  a  Mr.  Hill,  of  Deptford,  who  in  1818  took  out  a 
patent  for  it.  In  France,  Cldment-Desormes  seems  to  have  made 
the  first  proposals  and  experiments  in  that  way.  His  trials  did  not, 
however,  succeed,  because  he  believed  it  necessary  to  increase  the 
combustibility  of  pyrites  by  an  addition  of  coal.  This  is  both  un- 
necessary, with  properly  constructed  kilns,  and  very  injurious  to 
the  process,  from  the  carbonic  acid  getting  into  the  chambers.  A 
great  diflSculty  was  experienced  in  lighting  the  kilns.  So  long 
as  it  was  attempted  to  do  this  from  below,  like  an  ordinary  fire,  the 
thing  would  not  work.  According  to  communications  from  Mr. 
Todd  (Government  Inspector,  of  Alkali  Works  for  the  Newcastle 
district),  a  workman  of  his  father^s  in  Cornwall,  in  1830,  accident- 
ally discovered  the  way  of  lighting  the  kilns  from  the  top,  such  as 
is  practised  to  this  day.  Generally,  however,  the  principal  merit 
of  introducing  pyrites  is  ascribed  to  Messrs.  Perret  and  Son, 
of  Chessy,  who  were  led  to  it  by  the  necessity  of  desulphurizing 
their  cupreous  pyrites  previously  to  getting  the  copper,  and  of  con- 
densing the  gas  evolved.     There  was  no  question  then  of  supplant- 
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ing  the  Sicilian  sulphur  generally.  Ferret  and  Son^  i^ith  the 
greatest  care^  searched  into  all  the  conditions  necessary  for  a 
proper  combustion  of  the  ore ;  and  to  them  the  honour  is  due  of 
haying  overcome  all  the  difficulties  opposed  to  the  solution  of  this 
problem,  and  of  having  rendered  the  process  technically  useful. 
Already  in  1833  they  had  burnt  iron-pyrites  successfully ;  and  in  a 
patent  dated  November  20th,  1835,  they  described  their  process,  to 
"which  their  partner,  Olivier,  is  said  to  have  given  the  first  impulse. 
In  1837,  Messrs.  Wehrle  and  Braun,  in  Bohemia,  used  pyrites  for 
generating  sulphurous  acid  (Otto,  ^  Lehrbuch  der  Chemie,'  4th  ed, 
iii.  1,  p.  545) ;  but,  according  to  Bauer  (/.  c.  p.  6),  I.  Brem  had 
introduced  this  process  into  Austria  already  in  1833 — ^that  is,  at  the 
same  time  as  Perret. 

These  trials  at  making  vitriol  from  pyrites  possessed,  however, 
only  local  interest ;  and  probably  for  a  long  time  no  general  attempt 
to  do  away  with  Sicilian  brimstone  would  have  been  made,  but  for 
the  Neapolitan  Government,  in  1838,  being  induced  to  grant  a 
monopoly  for  the  exportation  of  Sicilian  sulphur  to  the  Marseilles 
firm  of  Taix  and  Co.  This  firm  at  once  raised  the  price  of  brim- 
stone from  £5  to  £l4i  per  ton,  and  thus  would  have  given  a  fatal 
blow  to  the  manufacture  of  artificial  soda  ash,  just  then  beginning 
to  take  a  firm  hold,  if  no  other  source  of  sulphur  had  been  known 
in  the  world,  and  if  such  an  unnatural  measure  could  have  been 
carried  out  at  all.  But  the  attempt  came  too  late — just  after 
Perret  and  Son  had  proved  that  the  pyrites  occurring  in  most 
industrial  countries  could  be  used  for  vitriol-making  without  any 
difficulty.  The  result  was  to  be  foreseen.  Once  the  discovery  of 
a  new  source  of  sulphur  had  become  a  matter  of  necessity,  there 
were,  within  twelve  mouths  from  the  rise  in  the  price  of  brimstone, 
fifteen  patents  taken  out  in  England  for  burning  pyrites  for  the 
purpose  of  making  sulphurous  acid,  and  even  a  larger  number  for 
making  sulphur  from  pyrites,  gypsum,  &c. 

According  to  Muspratt^s  ^ Chemistry^  (vol.  ii.  p.  1023),  Dr. 
Thomas  Thomson  was  the  first  in  England  to  point  to  pyrites  in 
this  crisis ;  but  most  probably  many  others  at  the  same  time  turned 
to  it.  So  much  is  proved — that  Thomas  Farmer,  of  London,  was 
the  first  in  England  who  employed  pyrites  on  a  large  scale  (in  1839) 
for  the  manufacture  of  sulphuric  acid  (Hofmann, '  Report  by  the 
Juries,  International  Exhibition,  1862,  Class  II.  Section  A,'  p.  12). 

In  Germany  the  Oker  smelting-works,  at  the  Rammelsbcrg,  near 
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Goslar^  seem  to  have  been  the  first  who  calcined  the  local  ore  in 
such  a  way  as  to  convert  the  sulphurous  acid  given  off  into  sulphuric 
acid  in  acid-chambers  (in  1840) ;  and  other  smelting-works,  such 
as  those  at  Freiberg^  followed  their  example.  In  these  cases  the 
reasons  were^  not  only  that  at  a  comparatively  small  expense  sul- 
phuric acid  could  be  obtained  as  a  by-product  from  the  sulphurous 
acid  otherwise  lost^  but  also  that  the  acid  fumes  destroyed  the 
vegetation  of  a  large  district  round  the  works^  and  that  means  had 
to  be  taken  for  preventing  this^  apart  from  any  consideration  of 
profit. 

The  Sicilian-brimstone  monopoly  certainly  did  not  last  long ; 
diplomatic  pressure  on  the  part  of  England  soon  led  to  its 
abolition ;  and  with  the  lowering  of  the  price  of  brimstone  most 
works  at  first  returned  to  its  employment.  But  the  ice  was  now 
broken;  the  conviction  had  been  gained  that  it  was  possible  to 
make  acid  without  Sicilian  brimstone ;  the  owners  of  pyrites  mines 
took  pains  to  advance  the  use  of  pyrites  by  low  prices ;  and  thus,  in 
the  course  of  the  next  twenty  years^  gradually^  but  steadily,  brim- 
stone was  more  and  more  driven  from  its  place  in  sulphuric-acid- 
making,  in  proportion  as^  on  the  one  hand,  it  became  dearer  from 
the  causes  above  mentioned  (disease  of  the  vines  &;c.),  and  as  more 
pyrites  mines  were  opened  out. 

The  decisive  point  in  favour  of  the  use  of  pyrites  was  this,  that 
more  and  more  cupreotis  pyrites  came  into  the  market,  from  Spain 
especially,  but  also  from  other  countries.  These  had  at  any  rate 
to  be  burnt  and  their  sulphur  expelled  before  they  could  be  worked 
for  copper.  Already  with  Perret  and  Son  this  had  been  the  sti- 
mulus for  their  efforts ;  but  this  has  been  done  on  a  much  more 
colossal  scale  in  consequence  of  the  opening  out  of  the  cupreous- 
pyrites  mines  in  the  south  of  Spain,  in  Portugal,  and  in  Norway. 
In  England,  now-a-days,  iron-pyrites  is  all  but  out  of  the  field, 
and  has  been  supplanted  by  cupreous  pyrites.  This  has  been  the 
case  to  a  smaller  extent  in  France  and  Oermany  up  to  the  last  few 
years,  because  these  countries  possess  suflScient  mines  of  rich  pyrites, 
which  in  England  are  not  numerous ;  but  even  in  those  countries 
more  and  more  cupreous  pyrites  is  coming  into  use.  In  1867  pyrites 
had  almost  entirely  supplanted  brimstone  in  France  as  a  raw  material 
for  acid-making  in  the  large  industrial  centres  (^  Rapport  du  Jury 
International,  Expos.  Univ.  de  1867,'  vol.  vii.p.  19).  In  Germany 
this  state  was  brought  about  somewhat  later^  but  quite  as  com- 
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pletely.  Only  during  the  feverish  years  1871  to  1873,  when  the 
price  of  pyrites  had  risen  very  high,  a  few  factories  in  Hanover,  at 
Hamburg,  and  Stettin  temporarily  returned  to  the  use  of  brimstone 
(Hasenclever,  /.  c.  p.  155) ;  but  with  lower  prices  of  pyrites  this 
has  been  given  up  again. 

Thus,  starting  from  the  use  of  iron-pyrites,  that  of  cupreous 
pyrites  has  followed;  and  to  this  was  added  the  employment  of 
other  sulphurous  ores,  and  of  the  intermediate  products  of  smelt- 
ing— ^for  instance,  copper-regulus  {'^  coarse  metal ")  at  Mansfeld 
and  Swansea.  At  the  present  time  the  Freiberg  works  work  even 
poor  lead-matts  with  about  22  per  cent,  of  sulphur,  which  a  few  years 
ago  was  thought  impossible  (Bode,  'Beitrage  zur  Theorie  und 
Praxis  der  Schwefelsaurefabrikation,'  1872,  p.  1) .  We  shall  else- 
where describe  the  application  of  other  sulphur-ores  apart  from 
pyrites  proper. 

An  idea  of  the  extension  which  the  use  of  pyrites  has  obtained 
is  given  by  the  following  Tables  (p.  86,  compiled  from  Hunt's 
'  Mineral  Statistics ')  of  the  importation  of  pyrites  and  brimstone 
into  Great  Britain.  (The  brimstone,  of  course,  mostly  serves  for 
other  purposes  than  acid-making,  such  as  gunpowder  Sec.) 

The  following  Table  is  given  by  Hasenclever  (/.  c.  p.  158)  ; — 

Amount  {in  tons)  of  Pi/rites  produced  in  the  under-mentioned 

Mining  Districts. 


Ohessy  and 

All  other 

Belgium. 

Rain-Bel, 
near  Lyons. 

GoBlar. 

Siegen. 

Prussian 
mines. 

1862 

•  ■  • 

45,973 

•  •  • 

14,850 

7461 

1863 

36,244 

59,699 

•  •  • 

28,765 

5934 

1864 

28,956 

61,103 

•  •  » 

29,115 

3437 

1865 

31,818 

63.538 

«  •  • 

34,060 

4187 

1866 

55,004 

65,222 

•  •  • 

50,875 

4302 

1867 

41,298 

75,653 

1599 

71.835 

4756 

1868 

37,933 

75,656 

2635 

90,100 

8953 

1869 

31,670 

91,020 

2689 

64,789 

6394 

1870 

28,665 

63,464 

3225 

92,048 

8191 

1871 

42,272 

68,797 

3324 

110,432 

4574 

1872 

40,932 

99,000 

^AO 

144,745 

964 

1873 

■  •  ■ 

127,000 

1217 

123,172 

3748 

To  the  British  importations  must  be  added  the  production  of 
pyrites  in  Great  Britain  itself,  which,  according  to  Hunt's  '  Mineral 
Statistics,'  in  1874,  amounted  to  56,208  tons. 
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What  is  called  pyrites  or  iron-pyrites,  ia  a  technical  senae,  is 
hardly  ever  pure  iroa  bisulphide,  FeS^,  but  either  a  mixture  of 
this  with  gaogue,  or  more  frequeutly  at  the  same  time  vith  other 
sulphuretted  ores,  as  shovra  by  numerous  analyses.  The  iron  hi- 
salphide  may  he  present  either  aa  iron-pyritea  proper  or  as  marca- 
oite.  The  iron-pyritea  proper  crystallizes  in  the  regular  system, 
irith  parallel  hemihedry,  proved  even  on  the  faces  of  the  cuhe  by 
atriation  (fig.  6). 


Besides  the  cube  (I),  the  oetahedron,  a  (11),  is  frequently  found, 
often  modified  hy  the  pyritohedron,  b  (111),  and,  if  both  are  equally 
developed,  forming  the  icosahedron  (II).  The  combined  forms 
IV,  V,  and  VI,  as  well  as  twin  crystals,  frequently  occur*.  The 
crystals  arc  often  well  developed ;  hut  in  the  pyrites  used  on  the 
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large  scale  they  are  mostly  quite  indistinct.  The  colour  of  pure 
pyrites  is  greyish  yellow,  and  easily  distioguished  from  that  of 
copper-pyrites.  The  microcrystalline  pyrites  of  trade  often  shows 
other  colours,  even  a  slate-grey;  the  powder  is  brownish  black. 
Its  cleavage  parallel  to  the  faces  of  the  cube  is  not  very  pronounced; 
the  fracture  is  conchoidal  or  irregular.  Hardness  6  to  6^,  specific 
gravity  4"83  to  5*2.  Pure  FeS,  contains  46'67  per  cent,  of  iron 
and  53'33  per  cent,  of  sulphur. 

According  to  Mene,  the  pjrrites  from  volcanic  formations  coatains 
no  water,  hut  that  from  sedimentary  strata  both  water  and  clay. 
Among  the  first  he  classes  the  yellow  octahedrical  pyrites,  which 
is  stable  in  the  air;  among  the  latter  the  grey  cubical  pyrites, 
which  is  easily  transformed  into  ferric  sulphate  (Compt.  Bend. 
29tb  April,  1867). 

Marcaeite  crystallizes  in  the  rhombic  sjrstem,  in  rbombical  prisms 
Jlf^lOG''  2' with  longitudinal  faces  /=  100°  and  r,  and  the  end  face 
P  inclined  to  »■  at  an  angle  of  158°  20*.  They  frequently  occur  in 
twin  crystals,  partially  united  along  one  of  the  faces  M,  also  in  trip- 
lets and  quadruplets,  &c.  (fig.  7),  in  fibrous,  bulbous,  &c.  varieties ; 
cleavage  indistinct ;    hardness  6  to  y.    _ 

65;  specifac  gravity  4'6a  to  488; 
colour  grey  to  yellow  or  greenish 
yellow,  lighter  than  iron  -  pyrites 
proper ;  powder  greenish  dark  grey. 
Marcasite  is  most  frequently  found 
in  bituminous  slate  and  coal,  and 
decays  even  more  quickly  than  pyrites,  with  formation  of  copperas 
basic  ferric  sulphate. 

In  the  ores  of  commerce  there  is  often  present,  mixed  with  FeS,, 
magnetic  pyrites  of  the  formula  Fe^Sg,  with  60'5  iron  and  39*5 
sulphur;  colour  between  brass-yellow  and  copper-red;  hardness 
3'5  to  45 ;  specific  gravity  4"4  to  4"7. 

The  copper-pyritea  so  often  mixed  with  iron-pyrites  is  distin- 
guished from  it  by  its  colour,  yellow  as  brass,  sometimes  as  gold ; 
this  colour  modifies  that  of  the  iron-pyrites  according  to  the  degree 
of  admixture.  It  crystallizes  in  the  tetragonal  system,  but  in  the 
ores  which  concern  us  always  occurs  iu  a  microcrystalline  form. 
Its  hardness  is  35  to 4'0, specific  gravity 4- 1  to  4'3.  Pure  copper- 
pyrites  of  the  formula  FcCuSg  should  contain  30*53  per  cent,  iron, 
S4'58  per  cent,  copper,  and  34*88  per  cent,  sulphur;  but  the  ores 
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serving  for  the  manufacture  of  sulphuric  acid  rarely  contain  beyond 
4  per  cent,  of  copper. 

The  principal  sources  of  pyrites  will  now  be  mentioned  without 
separating  the  cupreous  from  the  non-cupreous^  because  no  strict 
limit  can  be  drawn.  Some  kinds  of  pyrites  contain  so  little  copper 
(below  1  per  cent.)  that  it  cannot  be  utilized ;  and  these  go  with' 
the  totally  non-cupreous  ores. 

The  most  important  German  pyrites  bed  is  that  of  Meggen  in  the 
Siegen  district^  in  Westphalia^  3  miles  from  the  Altenhunden  station 
on  the  Ruhr-Sieg  railway.  This  bed  occurs  along  with  heavy  spar 
in  the  so-called  "  Kramenzel  /^  it  is  known  for  a  length  of  2000 
fathoms ;  and  its  thickness  changes  from  |  to  3  fathoms  (Wagner's 
'  Jahresbericht/ 1865^  p.  221).  The  same  authority  states  it  to  be 
*' grey  iron-pyrites/'  quite  uncrystalline,  free  from  arsenic  [?],  of 
equal  composition  throughout^  and  containing  47*50  sulphur^  43*55 
iron^  0*32  carbon,  8*22  silica ;  but  this  analysis  is  far  too  favorable 
if  referred  to  the  bulk  of  the  ore.  The  mass  of  ore  above  the 
bottom  of  the  valley  is  estimated  at  ^  million  tons ;  how  far  the 
ore  may  go  down  below  the  bottom  of  the  valley  is  as  yet  unknown. 
The  quantity  got  yearly  has  been  stated  in  the  table  at  p.  85. 

This  ore  has  not  an  attractive  outward  appearance ;  its  colour  is 
slate-grey ;  but  it  bums  very  well  in  the  kilns,  and  it  would  be  even 
more  valuable  if  the  zinc  contained  in  it  did  not  prevent  its  burn- 
ing completely.  Fresenius  analyzed  a  large  average  of  this  Meggen 
ore  from  the  "Sicilia'^  pit,  and  found  45*42  per  cent,  of  sulphur 
and  only  0*02  per  cent,  of  arsenic ;  this  agrees  with  Pattinson's 
analysis  of  the  average  sample  of  a  whole  cargo  (in  his  paper  read 
to  the  British  Association  at  Newcastle-on-Tyne  in  1864)  which 

shows : — 

per  cent. 

Sulphur 45*60 

Iron    88*52 

Lead  0*64 

Thallium    trace 

Zinc    6*00 

Cobalt    trace 

Arsenic  trace 

Lime  Oil 

Insoluble,  silica  &c 8*  70 

Oxygen  (as  FegOa)    0*37 

Moisture    0*36 

100-30 
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According  to  H.  A.  Smithy  Westphalian  pyrites  contains  1*878 
per  cent,  of  arsenious  acid ;  but  it  is  strange  that  such  a  high 
percentage  of  arsenic  should  have  escaped  other  observers.  Hjclt 
(Dingl.  Joum.  ccxxvi.  p.  175)  indeed  only  found  0*30  per  cent.  As. 
Latterly  the  pyrites  obtained  is  rather  poorer,  and  its  average  per- 
centage of  sulphur  only  amounts  to  41  or  42  per  cent.  Owing  to  the 
competition  of  cupreous  pyrites^  its  exportation  to  other  countries 
has  very  much  decreased  of  late ;  but  in  G-ermany  its  consumption 
has  very  much  increased. 

There  are  smaller  beds  of  pyrites  in  several  other  places  in  Ger- 
many, such  as  those  near  Goslar,  near  Schwelm  in  Westphalia^ 
near  Merzdorf  in  Silesia^  &c.  Their  production  is  only  small  com- 
pared with  that  of  the  Meggen  pyrites.  The  pyrites  of  the  Rammels- 
berg  in  the  Harz^  according  to  Mene,  contains  48*4  per  cent,  of 
sulphur  (probably  only  picked  lumps) .  The  cupreous  pyrites  of 
the  same  place  is  stated  by  Hilgenfeld  to  contain : — 

Copper  12-22 

Lead  2-43 

Iron   3910 

Zinc,  Manganese^  Cobalt,  Nickel   1  •  23 

Arsenic 0*18 

Antimony 0*16 

Sulphur 44-65 

Selenium,  Thallium,  Indium,  Bismuth  traces 

99-97 

The  bed  of  Schwelm  in  Westphalia,  in  the  Devonian  formation, 
has  a  thickness  of  from  10  to  33  feet,  over  a  surface  of  nearly  150 
acres,and  is  covered  byrich  iron-ore ;  the  pyrites  itself  consists  to  the 
extent  of  two  thirds  of  powder  mixed  with  well-crystallized  pieces. 
The  ore  contains  about  40  per  cent,  of  sulphur,  and  more  or  less 
clay,  which  is  removed  by  washing;  after  this  it  is  sold  to  the 
vitriol-makers,  who  like  it  on  account  of  its  freedom  from  arsenic 
(Dingl.  Joum.  ccxxviii.  p.  283) ;  Hjelt,  however,  found  more  arsenic 
in  it  than  in  Meggen  pyrites. 

On  the  Island  of  Wollin  a  pyrites  bed  is  found  in  a  bed  of  marl 
belonging  to  the  chalk  formation. 

In  Hungary  very  good  pyrites  occurs  at  Schwellnitz,  containing 
46  or  47  per  cent,  of  sulphur  and  a  few  per  cent,  of  copper.    It  is 
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heavy,  but  very  porous,  and  bums  very  well ;  but  it  is  rather  ex- 
plosive.    This  ore  is  used  at  the  Aussig  works. 

In  Styria  (Riedl,  Zeitschr.  f.  d.  chem.  Grossgewerbe,  ii.  p.  567), 
in  the  Saun  valley,  a  number  of  beds  of  very  pure  but  easily  decom- 
posable pyrites  occur  in  the  clay  porphyry,  with  a  percentage  of 
48  to  52  of  sulphur.  It  is  used  in  the  chemical  works  at  Hrastnigg 
and  in  Bohemia. 

In  Switzerland,  in  the  Canton  of  Wallis,  a  pyrites  occurs  which 
does  not  seem  to  have  found  any  technical  application  as  yet.  Its 
composition,  according  to  an  analysis  made  in  the  author's  labo- 
ratory, is  : — 

Sulphur 50-46   (of  this  0*05  as  lead 

Iron    44*55       sulphate  in  the  in- 
Lead  0*37   •  soluble  residue) . 

Lime  1-13 

Magnesia   0*11 

Carbonic  acid     1*01 

Silica,  Iron  peroxide,)       j.^^  (i^^luble) 

Alumina  ) 

Moisture    0*40 


99*73 


Of  the  Frenck  sulphur-ores  the  most  important  are  those  of 
Chessy  (cupreous)  and  of  Sain-Bel  (non-cupreous)  near  Lyons ;  a 
smaller  bed  exists  at  Alais  in  the  south  of  France.  Mene  has 
examined  a  large  number  of  French  (and  other)  pyrites,  and  has 
tabulated  his  results  as  follows  (^Moniteur  Scientifique,'  1867, 
p.  410) :— 
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According  to  Girard  and  Morin  (Compt.  Rend.  July  26,  1875), 
the  pyrites  from  the  Rhone  and  Sain-Bel,  on  an  average,  contains 
46  to  48  per  cent,  of  sulphur  and  10  to  12  per  cent,  of  gangue, 
consisting  of  clay,  sand,  and  barytes.  In  the  southern  part  of  the 
district  of  Sain-Bel  the  percentage  of  sulphur  rises  to  50  or  53, 
and  the  gangue  is  inconsiderable  and  free  from  barytes ;  arsenic  is 
not  present  in  quantities  sufficient  for  determination.  In  the  dis- 
trict of  St.  Julien  (Le  Gard)  pyrites  is  not  found  in  the  clay-slate, 
as  at  Sain-Bel,  but  in  the  Lias  or  Trias ;  the  sulphur  varies  from 
40  to  45  per  cent. ;  the  gangue  is  calcareous,  and  varies  from  3  to 
6  per  cent. ;  arsenic  is  present  up  to  0*1  per  cent.,  sometimes  also 
fluor  spar  in  quantities  sufficient  for  estimation.  The  pyrites 
frx>m  Ard^che  contains  from  45  to  50  per  cent,  of  sulphur ;  the 
gangue  is  clay,  free  from  lime ;  arsenic  occurs  up  to  0*3  per  cent. ; 
fluor  spar  sometimes  occurs  in  injurious  quantities :  the  hydro- 
fluoric acid  given  off  from  it  in  one  case  destroyed  the  glass 
apparatus  for  spreading  the  nitric  acid ;  and  the  latter  thus  got  to 
the  chamber- bottom  and  corroded  the  same. 

In  1874  there  were  used  in  France  178,400  tons,  of  the  value  of 
jE240,000.  Of  this  the  beds  of  Sain-Bel,  which  supply  two  thirds 
of  the  French  factories,  supplied  120,000  tons,  those  of  St.  Julien 
(in  the  department  Gard)  24,600  tons,  those  of  Le  Soulier  (Gard) 
6000  tons,  those  of  Soyons  (Ard&che)  900  tons.  From  Belgium, 
Norway,  and  Spain  18,000  tons  were  introduced.  Girard  and 
Morin  also  give  twenty-three  analyses  of  French  and  five  of  foreign 
pyrites  used  in  France. 

According  to  Scheurer-Kestner  (Wurtz,  Diet,  de  Chimie,  ii. 
p.  138)  the  pjrrites  from  Chessy  and  Sain-Bel  contains  45  to  48  per 
cent,  of  sulphur  with  very  little  arsenic  and  selenium,  4hat  from 
Chessy  also  1  or  2  per  cent,  of  copper  and  zinc;  the  copper  is  ob- 
tained from  the  cinders,  at  least  at  the  Chessy  works  themselves,  by 
allowing  them  to  lie  for  a  time  and  moistening  them  :  the  liquid 
running  off  contains  copper  and  zinc  sulphates ;  and  the  copper  is 
got  from  it  by  cementation.  Nearly  all  French  works,  as  well  as 
those  in  Alsace  and  Switzerland,  get  their  ore  from  those  two  pits ; 
only  those  of  the  Gard  and  of  Marseilles  get  it  from  Alais,  where 
the  pyrites  contains  38  to  42  per  cent,  of  sulphur;  a  few  factories 
in  the  north  of  France  use  Belgian  pyrites. 

In  Belgium  (for  its  production  of  pyrites  see  p.  85)  there  is 


94 


8ULPHUEIC  ACID. 


a  rich  pyrites^  the  great  friability  and  softness  of  which  do  not  tell 
in  its  favour.  Its  production  has  remained  stationary.  The  fol- 
lowing are  analyses  of  this  pyrites : — 


a. 

b. 

c. 

d. 

e. 

/. 

BulDhor  

42-80 
36-70 

35-50 
38-60 

46-20 
40-60 

4501 
39-68 

5000 
43-61 

45-60 

Iron 

38-52 

Ferric  oxide   

7-23 

4-24 

2-20 

Oxygen    in    ferric 
oxide   

0-32 

018 

600 

Lead    

0-92 

0-65 

0-41 

0-37 

ZtnOT.»r.T,,.,rT..t... 

0-40 
0-20 

5-26 
0-31 

0-22 
0-41 

1-80 
trace 

1-75 
trace 

Arsenic    

trace 

Thallium 

trace 

Alumina 

trace 

Silica  

8-86 

1490 

910 

12-23 

2-85 
0-73 

900 

Carbonic  acid 

Calcium  carbonate 

0-84 

trace 

•••••• 

Oil 

Lime    

0-25 

0-92 

Water 

1-46 

0-56 

0-42 

025 

0-10 

0-36 

99-41      100-02       99-46       99*91      10014       9959 


{a,  b,  and  c  by  Clapham  in  Richardson  and  Watts's  '  Chemical 
Technology,'  vol.  i.  part  iii.  p.  14;  d,  pyrites  from  Rodieux  near 
Spa,  e  from  Santon's  pit  on  the  Mouse,  both  by  Pattinson,  I.  c. ; 
/by  MacCulloch,  Chem.  News,  xxvii.  p.  125.) 

The  Belgian  pyrites  is  usually  only  got  as  a  by-product  in  the 
getting  of  lead-  and  zinc-ores  in  the  provinces  of  Liege  and  Namur ; 
it  is  either  microcrystalline  or  crystalline  or  in  bulbous  pieces  with 
a  concentrically  fibrous  structure.  Its  quality  is  uneven.  It  is 
mostly  used  locally  and  in  the  north  of  France ;  the  export  to 
England  seems  to  have  ceased.  According  to  H.  A.  Smith  it  con- 
tains, on  an  average,  0*943  per  cent.  AsgOg. 

Italy  possesses  pyrites  in  several  places.  That  from  the  Val 
d'Aosta  contains  48  to  50  per  cent,  of  sulphur,  but  also  much 
arsenic,  and  is  very  friable.  It  is  used  at  the  factory  of  Sclopis, 
Bechis,  and  Co.,  at  Turin.  The  pyrites  of  Pallanza  only  contains 
30  to  35  per  cent,  sulphur,  also  ^  to  1  per  cent,  of  nickel. 
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Analjraetby Pattinsoii.        Olapham.     Browell  and 

(From  Genoa).    (Tuscany.)       Marreco. 

Sulphur  4700  484  4460 

Iron 42-20  44*6  4026 

Lead    trace 

Zinc trace 

Lime    0*21 

Magnesia 0*00 

Arsenic   trace  

Insoluble  (tUica)    ...      9*20  36  14*30 

Oxygen  asFCaOa 0*24 

Water 017 

99*62 
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H.  A.  Smith. 


0*943  AsjOj. 


The  pyrites  imported  to  England  vid  Genoa  consisted  of  a  con- 
glomeration of  smaller  and  larger  crystals^  and  consequently  was 
of  a  very  friable  nature ;  its  falling  to  pieces  in  the  burners  de- 
terred the  manufacturers  from  using  it  more  extensively. 

Great  Britain  possesses  several  deposits  of  pyrites^  but  none 
of  very  great  importance.  In  Cornwall  and  Devonshire  pyrites  of 
the  following  composition  is  found : — 


Fattinson. 

Sulphur   27-00 

Iron 22-69 

Copper 2-00 

Lead    trace 

Zinc 1-23 

Lime    0-22 

Carbonate  of  Lime      

Magnesia 0*12 

Arsenic    0*32 

Insoluble  (silica)...  45*60 

Oxygen  as  FegOg. . .  013 

Moisture 0'64j 


Clapham  (8  analyses). 

24018-84-880 
27076-60-676 
0-400-  4-600 
0-  -  7-446 
0-  -  9-086 
Gypsum  0*  -  0*596 
0-      -  3-579 

0-       -  1-160 
2-000-38-676 


99-95 


Cleveland  pyrites  (from  the  north  of  Yorkshire)  is  only  used  in  a 
local  factory ;  in  1874, 500  tons  of  it  were  obtained.  Composition 
(according  to  Pattinson's  analysis) : — 
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Iron  bisulphide 52*12 

(corresponding  to  27*18  sulphur). 

Iron  protoxide  1 1*92 

Alumina    8*10 

Lime 0*27 

Magnesia  1*00 

Carbonic  acid    2*40 

Insoluble  in  acid  11*12 

Water    12*86 


99*79 


In  Ireland  there  are  large  beds  of  pyrites,  especially  in  the 
county  of  Wicklow ;  and  up  to  about  1862  this  Irish  ore  supplied 
a  very  large  portion  of  the  pyrites  used  in  England.  In  1860  still 
40,000  tons  of  it  were  imported  into  the  Tyne  river ;  but  in  1863 
the  importation  had  fallen  to  4000  tons,  and  has  long  since  ceased 
entirely.  The  same  has  been  the  case  in  Lancashire ;  and  only  a 
few  works  in  Ireland  itself  bum  this  kind  of  pyrites.  It  is  found 
in  the  county  of  Wicklow  in  beds  from  6  to  50  feet  in  thickness, 
which  overly  siliceous  clay-slate.  The  beds  go  down  to  depths  of 
80  to  100  fathoms.  The  bulk  of  the  ore  contains  only  30  to  35 
per  cent,  of  sulphur.  A  small  quantity  only  of  richer  ore 
(analyses  a,  i,  c)  has  been  found  in  the  valley  of  Ovoca.  The 
Irish  ore  is  too  hard  and  slaty,  and  does  not  bum  well ;  it  requires 
a  great  heat,  and  consequently  deep  kilns.  It  nearly  always  con- 
tains copper,  but  rarely  suflScient  to  pay  for  extracting  it,  from 
which  standpoint  the  following  analyses  must  be  judged.  Its 
production  (formerly  much  more  considerable)  had  in  1874  fallen 
to  18,272  tons. 


Pattinson. 
a. 

CI 

apham. 

b. 

c. 

d. 

e. 

Sulphur 

.    44-20 

40-410 

42-128 

37-976 

34-676 

Iron    

.    40-52 

32-222 

36-000 

34  650 

42-400 

Copper  

0-90 

4133 

2-400 

2-400 

1-333 

Lead  

.       1-50 

2-963 

1-600 

1080 

1-593 

Zino    

.      3-51 

..• 

•  •  • 

•  •  • 

•  •  • 

Anenio  

.      0-33 

... 

0-602 

0-400 

0-183 

Lime  

.      0-24 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Insoluble    

.      8-80 

17-676 

18-676 

22  500 

20-000 

Moisture 

.      0-09 

•  •  • 

•  •  • 

•  • 

•  •  • 

Ox)'gena8Fej,03.. 

.      0-25 

■ « • 

•  •  • 

•  •  • 

•  •  • 

100-34 


97-404 


100-406 


99*005 


100-185 
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In  England  also  here  and  there  pyrites  picked  from  coals^  '^  coal- 
braases,''  are  used^  especially  for  lighting  the  burners,  or  for  getting 
up  their  heat  if  it  has  got  too  low.  If  quite  free  from  adhering  coal, 
they  are  very  pure  (according  to  R.  D.  Thomson,  in  Richardson 
&  Watts,  I.  c.  p.  15,  53*55  sulphur,  45*07  iron,  0*70  manganese, 
0*80  silica)  ;  but  they  arc  not  actually  employed  in  this  state ;  and 
on  the  whole  they  cannot  be  recommended  very  much,  on  account 
of  the  formation  ot  carbonic  acid.  In  1874  10,000  tons  of  this 
material  was  got,  but  probably  mostly  worked  up  for  copperas  and 
Venetian  red. 

Swedish  pyrites  y  from  Fahlun,  varies  between  43  and  48  percent. 
of  sulphur.  It  has  only  been  imported  into  England  in  small  quan- 
tities. This  ore  is  obtained  as  a  by-product  in  the  getting  of  copper- 
ores,  and  is  said  to  exist  in  enormous  quantity ;  but,  owing  to  the 
difficulty  of  transit,  its  exportation  docs  not  pay.  It  is  said  to 
burn  well. 

Pattiiison.  Browell  and  Marreco. 

Sulphur  43*70                   38*05 

Iron    3901                    42*80 

Copper    0-60                     1*50 

Lead   0*12 

Zinc     2*57 

Lime  0*85 

Magnesia    0*09 

Arsenic   trace. 

Insoluble    11*66                    12*]6 

Oxygen,  as  Fe A  022      ^If^^'^O 

Water 0*20 


9902  100*00 

In  Norway  there  exist  very  large  beds  of  pyrites,  both  free 
from  and  containing  copper.  Of  the  many  pits  formerly  worked 
there,  all  those  had  to  stop  which  produce  ores  with  from  35  to 
40  per  cent,  of  sulphur.  But  of  the  richer  ores,  even  of  those 
free  from  copper,  a  few  have  maintained  their  position  permanently, 
because  they  burn  well,  are  easily  lighted,  keep  the  heat  well,  do 
not  "  scar,''  .&c.  They  arc  mostly  hard  and  difficult  to  break. 
The  most  considerable  pits  arc  those  of  Yttercien,  which  export  vid 
Drontheim;  they  supply  6000  to  8000  tons  per  annum.     Other 
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pits  exist  thirty  miles  from  Drontheim,  on  the  Hardangcr  Fjord, 
near  Bergen,  &c.  The  Norwegian  pyrites  is  mostly  more  in  favour 
as  a  sulphur-ore  (excepting  its  difficult  breakage)  than  as  a  copper- 
ore;  its  cinders  do  not  very  well  suit  the  copper- works.  H.  A. 
Smith  states  the  arsenic  in  hard  Norwegian  pyrites  to  be  on  an 
average  =1*649  per  cent.,  in  softer  ores  =1'708.  This  is  contra- 
dicted by  all  other  analyses,  as  well  as  by  the  distinct  assertion  of 
Hjelt  (/.  c) ,  who  found  mere  traces  of  arsenic  in  hard  Norwegian 
pyrites.  This  statement  of  Smith's,  like  all  his  others,  must  be 
received  with  great  caution. 

Pnttinson.  ^lacCulloch. 


< * V  ^ * ^ 


Ytteroen  ore.      Drontheim  ore.  I.  II. 

Sulphur  44-60  50-60  4()L5  38*17 

Iron 39-22  44-G2  44  20  32-80 

Copper 1-80  trace  120  110 

Zinc 1-18  1-34  2-10  232 

Iiead ...  trace 

Lime    2*10  trace 

Calcium  carbonate ...  2*55  11-00 

Magnesia 0*01  trace 

Magnesium  carbonate ....  ...  ...  108 

Carbonic  acid 1-65 

Arsenic    ...  •••  ...  trace. 

Insoluble IV08  3-16  320  1220 

Oxygen,  as  FjO., 0'45 

Moisture 017  020  040  0-26 

10016  99-91  99-80  9982 

Spain  and  Portugal  possess  the  largest  known  beds  of  pyrites. 
It  is  cupreous,  and  distinguished  by  its  very  good  behaviour  in 
burning ;  so  that  the  burners  have  been  built  very  much  lower  for 
it,  and  much  labour  is  saved.  This  pyrites  has  only  been  worked 
again  since  1855 ;  but  the  Romans,  and  before  them  the  Phoeni- 
cians and  Carthaginians,  knew  it  very  well,  as  is  shown  by  many 
traces.  The  bed,  however,  was  at  that  time  only  worked  where  it 
was  richest  in  copper.  According  to  Schonichen  (Dingl.  Journ. 
clxx.  p.  448)  all  the  beds  are  within  a  l)elt  of  five  leagues  width, 
reaching,  parallel  to  the  Sierra  Morena,  from  the  western  frontier 
of  the  province  of  Seville,  across  the  hilly  country  situated  to 
the  south  of  this,  right  through  Portugal  to  the  Atlantic  Ocean 
— a  length  of  80  leagues.  The  prevailing  rocks  in  that  country 
are  clay-slate  and  crystalline  slates ;  but  parallel  to  the  granitic 
tract  of  the  Sierra  Morena  felsite-porphyry  and  quartzite  have 
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broken  through  the  slate,  and  only  in  the  neighbourhood  of  such 
dykes  are  the  pyrites  beds  found.  Their  shape  is  that  of  large  len- 
ticular pockets  in  the  metamorphic  clay-slate,  from  20  to  36  fathoms 
thick,  and  extending  to  a  length  of  170  to  260  fathoms.  The  whole 
bed  is  filled  with  pure  pyrites,  without  any  visible  gangue.  This 
is  in  a  few  places  found  already  at  1  or  2  fathoms  below  the  surface, 
undecomposed,  and  in  a  sandy  state ;  so  that  it  can  be  got  by  day- 
light work.  In  other  places  the  zone  of  decomposition  reaches 
from  10  to  50  fathoms  downwards.  The  percentage  of  copper 
varies  from  2^  to  40 ;  but  ores  with  more  than  10  per  cent,  of  copper 
are  only  contained  in  small  vertical  zones  within  the  large  masses. 
Only  these  '^  black ''  ores  were  the  object  of  the  mining  operations 
on  the  part  of  the  Phoenicians  and  Romans.  The  quantity  of 
pyrites  existing  there  is  almost  inexhaustible,  and  can  certainly 
supply  the  requirements  of  mankind,  both  of  copper  and  of  sulphur, 
for  thoiisands  of  years  to  come. 

Special  highways,  and  latterly  also  railways,  have  been  made,  in 
order  to  facilitate  the  communication  with  the  ports  of  Huclva,  San 
Lucar  de  Guadiana,  and  Pomaron ;  but  a  great  deal  of  the  ore  is 
still  conveyed  for  some  distance  on  mule-back. 

Of  the  many  companies  which  had  been  formed  for  working 
this  ore  most  have  ceased  to  exist;  and  only  four  or  five  of 
them  have  remained,  all  of  them  in  English  hands.  The  smallest 
of  these  is  the  Buitron  Pyrites  Company,  which  works  the 
mines  of  Buitron  and  Poderosa.  The  Tharsis  Sulphur  and  Copper 
Company  possesses  much  more  extensive  mines,  a  railway  of  its 
own,  a  wharf  at  Huelva,  and  also  a  number  of  works  in  England 
and  Scotland  for  the  wet  extraction  of  the  copper  from  the  cinders 
returned  to  them.  The  Tharsis  ore  is  very  good,  but  very  soft,  and 
makes  much  dust  in  breaking.  The  San-Domingo  mine  lies  in 
Portuguese  territory ;  its  ore  is  known  as  Mason^s  ore,  and  is  con- 
sidered superior  to  all  others,  so  that  it  commands  a  better  price. 
The  last,  but  largest,  of  these  companies  is  the  Rio-Tinto  Company, 
which  has  thrown  such  large  masses  of  pyrites  into  the  English 
market  that,  from  1875  to  1876,  prices  receded  by  more  than  one 
third.  Its  ore  is  also  of  excellent  quality.  The  mines  of  Carpio 
and  Lagunazo,  in  the  province  of  Huelva,  are  not  yet  worked  for 
exportation. 

The  Spanish  (and  Portuguese)  pyrites  contains  never  less  than  46, 
and  up  to  50  per  cent,  of  sulphur,  besides  3  to  4^  per  cent. 
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of  copper,  which,  however,  by  most  of  the  English  buyers,  is  not 
bought,  but  returned  in  kind  to  the  seller  in  the  shape  of  cinders 
from  the  pyrites-burners.  The  value  of  the  copper  (if  bought)  is 
still  fixed  by  the  so-called  '^  Cornish  assay  " — that  is,  a  process  of 
dry  assaying  only  known  to  a  few  assayers  living  at  Redruth  and 
other  places  in  Cornwall,  the  great  inaccuracy  of  which  is  per- 
fectly well  known  to  all  parties  concerned ;  it  shows,  for  instance, 
only  2  per  cent,  if  4  per  cent,  is  actually  present;  and  from  this 
difference  the  buyer  must  pay  the  cost  of  extracting  the  copper  and 
his  own  profit,  since  the  price  to  be  paid  for  the  copper  in  the  ore 
by  Cornish  assay  is  sometimes  higher  than  the  value  of  a  similar 
quantity  of  copper  metal.  This  remarkably  irrational  system  has 
not  hitherto  been  done  away  with  for  sales. 

In  Germany  also  a  few  years  ago  a  number  of  manufacturers 
united  in  working  Spanish  pyrites  (especially  Rio-Tinto  ore), 
and  in  delivering  all  their  cinders  to  tlie  Duisburg  copper-works. 
The  Oker  works  also  use  similar  ores,  which  they  work  up  them- 
selves for  copper. 

The  ore  of  the  three  principal  companies  is  very  similar  in  com- 
position ;  its  analysis  is  as  follows : — 
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Some  descriptions  of  Spanish  pyrites  are  in  bad  odour  with  the 
manufacturers  as  ^'  explosive  ^'  or  ^^  detonating,^'  because  they  decre- 
pitate in  the  kilns  shortly  after  lighting  with  loud  detonations,  and 
thereby  make  so  much  fine  powder  that  the  burners  are  stopped  up 

are  formed.     The  reason  of  this  detonating  property 


and  ''  scars '' 
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is  probably  to  be  sought  in  the  presence  of  hydrated  silicates  (zeo- 
lites) in  the  ore. 

The  percentage  of  arsenic,  according  to  H.  A.  Smith,  in  Tharsis 
ore  amounts  to  1*651,  in  San-Domingo  ore  to  1*745  per  cent, 
AsjOg  on  an  average.  According  to  Hjelt  the  average  percentage 
of  As  in  Spanish  ores  is  0*91. 

Proportional  value  of  poor  and  rich  Pyrites, 

It  is  no  matter  of  surprise  that  the  rich  and  at  the  same  time 
well-burning  Spanish  ores,  and  the  descriptions  similar  to  them 
everywhere,  where  they  could  be  imported,  have  driven  the  poor 
ores  out  of  the  field.  An  ore  of  35  per  cent.,  like  that  from  Wick- 
low,  even  for  the  same  weight  of  sulphur,  has  much  less  value  than 
a  45-pcr-cent.  ore.  The  wages  for  breaking  and  burning  the  ore  in 
both  cases  must  be  ruled  by  the  gross  weight  of  the  ore,  and  conse- 
quently for  equal  weights  of  sulphur  come  to  much  more  with  poor 
than  with  rich  pyrites  ;  moreover,  imdcr  conditions  otherwise 
equal,  the  imbumt  sulphur  in  the  cinders  is  the  same  by  weight. 
If,  for  instance,  5  per  cent,  of  sulphur  are  left  in  the  cinders, 

this  amounts  with  35-per-cent.  ore  to  qh^^  ;  with  45-per-cent.  ore 


5 


to  only  75=i ;  the  proportion  to  be  kept  in  view  is  accordingly  not 

35  :  45  =  7  :  9,  but  30  :  40=3  :  4.  Furthermore,  the  same  holds 
good  of  cost  of  plant  and  repairs,  and  of  wages,  and,  lastly,  since  the 
poor  ores  generally  contain  no  copper,  also  of  the  cost  of  removing 
the  cinders. 

Therefore,  unless  the  burning  is  nothing  but  a  preparation  for 
the  metallurgical  treatment,  where  the  sulphur  is  quite  a  secondary 
matter,  the  ores  poor  in  sulphur  are  always  avoided  as  much  as 
possible. 

Analyses  of  Pyrites. 

In  the  analyses  of  pyrites  for  technical  purposes,  in  the  first 
instance  their  percentage  of  sulphur  is  taken  into  account ;  and  it  is 
therefore  mostly  the  custom  to  estimate  only  this  and,  perhaps,  also 
the  moisture.  If  the  ore  has  afterwards  to  yield  copper,  this  must  of 
course  also  be  regarded ;  but  where  the  copper,  as  is  mostly  the 
case,  is  not  bought  by  the  vitriol-maker,  but  the  cinders  are  returned 
to  the  seller,  the  estimation  of  copper  is  generally  omitted  in  the 
chemical  works  as  unnecessary.     This  restriction  to  the  estimation 
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of  sulphur  ought,  however,  only  to  take  place  with  pyrites  from 
well-known  localities,  whose  general  composition  and  propei*ties  are 
well  known,  and  where  the  salient  point  is  only  the  percentage  of 
the  most  important  constituent,  viz.  the  sulphur.  In  Germany, 
where  the  pyrites  is  not  paid  for  by  percentage  of  sulphur,  an  esti- 
mation of  the  same  is  still  desirable  in  the  interest  of  the  manufac- 
turer ;  in  England  this  is  absolutely  necessary.  Each  cargo,  even 
each  portion  of  a  cargo  going  to  a  separate  buyer,  is  sampled  in 
the  presence  of  both  the  buyer's  and  seller's  agents,  according  to 
well-understood  rules ;  the  sample  is  broken  up,  reduced,  and  sealed 
up  in  bottles,  which  are  sent  to  an  analytical  chemist  (generally  men- 
tioned in  the  contract  note) ;  this  chemist's  certificate  rules  the 
price  to  be  paid  for  the  pyrites  down  to  J  per  cent.  If,  for 
instance,  a  sale  has  been  made  at  6d.  per  "unit,"  this  means 
that  for  each  per  cent,  of  sulphur  found  the  sum  of  6d,  per  ton  is 
paid ;  thus  for  48;^  per  cent,  of  sulphur  48^  x  6rf. =24«.  l^rf.  per  ton. 
The  ton  is  generally  calculated =21  cwt. ;  that  is  to  say,  the  buyer 
receives  an  allowance  in  weight  of  5  per  cent. 

The  first  .treatment  of  the  pyrites  in  analyses,  in  the  majority  of 
cases,  is  by  the  wet  way,  by  fuming  nitric  acid  or  aqua  regia ;  but 
the  prescriptions  diflFer  in  details.  The  solution  has  frequently 
been  made,  from  Fresenius's  prescription,  by  means  of  red  fuming 
nitric  acid,  which  it  is  sometimes  difficult  to  obtain  free  from  sul- 
phuric acid,  and  which  is  unpleasant  to  handle.  In  lieu  of  this 
sometimes  chlorate  of  potash  along  with  hydrochloric  acid,  or,  still 
better,  with  nitric  acid  of  1*36  sp.  gr.,  have  been  used.  The  author 
has  always  found  the  best,  safest,  and  cheapest  way  to  be  that  by 
aqua  regia,  made  from  1  part  of  fuming  hydrochloric  acid  and  3  or 
4  parts  of  nitric  acid  of  1*36  to  1*4  sp.  gr.  The  mineral  is  con- 
verted into  an  impalpable  powder  and  passed  through  the  finest 
silk  gauze ;  the  triturating  ought  to  be  done  first  in  a  steel  mortar 
or  by  wrapping  it  up  in  paper  and  smashing  with  a  hammer,  and 
then  in  an  agate  mortar,  fiot  in  a  porcelain  or  Wedgewood  mortar. 
The  powder  is  treated  with  about  50  parts  of  aqua  regia ;  if  no 
reaction  takes  place  at  once,  it  should  be  gently  heated  on  a  water- 
bath  till  the  reaction  sets  in;  but  then  the  beaker  should  be 
removed  instantly  from  the  water-bath,  and  only  replaced  when 
the  reaction  slackens ;  thus  the  solution  is  generally  complete  in 
10  minutes.  The  operation,  of  course,  has  to  be  done  in  a  large 
beaker,  or,  still  better,  in  an  Erlenmayer's  flask  covered  by  a  funnel 
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or  a  watchglass,  lest  any  loss  should  take  place  by  spurting;;  and 
the  work  must  be  done  in  a  draught-place,  on  account  of  the  mass 
of  acid  vapours  given  off.  K  the  solution  should  not  be  perfect 
after  heating  some  time,  some  more  aqua  regia  has  to  be  added 
and  the  heating  continued ;  but  mostly  this  will  be  caused  by  the 
powder  not  being  sufficiently  fine,  and  the  analysis  in  this  case 
cannot  easily  be  finished.  In  this  way  of  resolving  the  ore,  which 
is  both  quick  and  safe,  the  disagreeable  separation  of  sulphur 
happens  extremely  rarely. 

The  residue  from  the  solution  will  contain  silica  and  silicates, 
perhaps  a  little  lead  or  barium,  both  as  sulphates.  Although  their 
sulphur  is  thus  not  estimated,  no  harm  is  done,  as  it  is  anyhow 
valueless  to  the  manufacturer.  Lead  sulphate  is  pretty  soluble  in 
concentrated  acids,  but  it  is  almost  entirely  precipitated  again  by 
the  immediately  following  treatment. 

At  all  events  the  whole  of  the  nitric  acid  present  must  be  destroyed 
or  removed,  because  the  estimation  of  sulphuric  acid  by  barium 
chloride  in  the  presence  of  nitric  acid  or  its  salts  gives  results  much 
in  excess  of  the  truth.  The  whole  is  therefore  evaporated  to  dry- 
ness on  the  water-bath  with  an  excess  of  hydrochloric  acid,  by 
which  at  the  same  time  all  silicic  acid  dissolved  is  made  insoluble. 
The  mass  is  again  moistened  with  strong  hydrochloric  acid ;  and  if 
on  gently  heating  no  yellow  vapour  and  no  smell  of  nitrous  products 
are  perceived,  it  is  diluted  with  hot  water  and  the  solution  filtered 
from  the  residue.  Care  must  be  taken  not  to  employ  too  much 
hydrochloric  acid,  as  barium  sulphate  is  not  quite  insoluble  in  hot 
concentrated  acids ;  on  the  other  hand,  enough  acid  must  be  present 
to  dissolve  all  salts  of  iron,  which  cannot  be  doubtful  if  the 
colour  and  behaviour  of  the  residue  are  observed.  The  clear  solu- 
tion is  brought  to  full  boiling ;  and  to  it  during  boiling  a  hot  solution 
of  barium  chloride  is  added.  Lest  too  great  an  excess  of  this  be 
used,  it  is  preferable  to  use  a  measured  quantity  of  a  concen- 
trated solution  of  known  strength,  but  more  than  sufficient  for 
precipitating  all  the  sulphuric  acid  present.  If  the  process  is 
carried  out  as  described  here,  the  barium  sulphate  settles  down 
completely  in  a  few  seconds,  leaving  a  perfectly  clear  liquid,  and 
nothing  of  tlie  precipitate  passes  through  the  filter.  It  is  quite 
unnecessary  to  allow  more  time  for  the  settling.  If  the  operation  is 
carried  on  as  described,  the  filtrate  never  becomes  cloudy  after- 
wards ;  on  the  other  hand,  the  work  is  extremely  hastened  by  fil- 
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Fig.  8. 


ng  the  liquid  in  the  boiling-hot  state  a  few  minutes  after  pre- 

itation.    A  Bunsen's  filter-pump  acts  rather  too  strongly  in  this 

se ;  but  it  is  very  useful  to  employ  a  simple  con- 
ivance  indicated  many  years  ago  by  Piccard,  which 
oes  excellent  service  in  innumerable  other  analy- 
ical  operations,  viz.  a  glass  tube  attached  to  the 
funnel  by  means  of  an  elastic  joint,  with  a  loop, 
causing  a  continuous  jet  of  liquid  to  issue  at  the 
bottom  (fig.  8) .  The  straight  part  below  the  loop 
may  be  8  or  10  inches  long ;  the  filter  must  be 
pressed  tight  to  the  sides  of  the  funnel  to  prevent 
any  air  being  sucked  in.  When  this  contrivance 
is  used,  which  does  not  act  so  violently  as  a  Bunsen 
pump,  the  liquid,  so  long  as  there  is  not  too  much 
precipitate  on  the  filter,  runs  through  in  a  conti- 
nuous jet. 

At  first  only  the  clear  liquid  is  poured  oflf  as 
completely  as  possible  from  the  dense  granular 
precipitate;  this  is  covered  with   boiling  water, 
acidulated  with  a  few  drops  of  hydrochloric  acid ; 
the  liquid  is  boiled  for  a  few  moments,  and  can  be 
decanted  again  in  about  two  minutes'  time.     This 
is  repeated  another  twice  or  three  times,  but  with- 
out adding  any  more  hydrochloric  acid ;  the  pre- 
cipitate is  washed  onto  the  filter ;  and  after  very 
little  washing  the  filtrate  will  be  found  perfectly 
neutral  and  free   from  dissolved  matters.     The 
filter  is  dried,  the  precipitate  taken  out,  and  the 
filter  burnt,  preferably  in  a  platinum  crucible  laid 
on  its  side ;  then  the  precipitate  is  put  in  and  ig- 
nited, not  too  strongly;  and  for  each  100  parts  of 
barium  sulphate  found  13*734  parts  of  sulphur 
are  calculated.     The  ignited  barium  sulphate  ought  not  t< 
together;  on  moistening,  it  ought  not  to  give  an  alkaline  re? 
and  on  heating  with  dilute  hydrochloric  acid  and  filter 
barium  salt  ought  to  be  found  in  the  solution. 

Sometimes  it  happens,  even  if  the  solution  before  prec 
was  rather  strongly  acid,  that  the  precipitate  is  stained  ; 
by  precipitated  ferric  oxide  or  basic  ferric  sulphate,  whi/ 
be  removed  even  by  boiling  with  dilute  hydrochloric  ac 
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rarely  the  quantity  of  this  ultimately  remaining  in  the  barium  sul- 
phate will  amount  to  more  than  a  small  fraction  of  1  per  cent.,  and 
it  can  accordingly  be  neglected  for  technical  purposes.  But  if 
absolutely  exact  work  is  required,  the  barium  sulphate  after  igni- 
tion must  be  digested  with  moderately  strong  hydrochloric  acid, 
washed,  dried,  and  ignited  again ;  or,  in  the  worst  case,  it  must  be 
fased  with  sodium  carbonate,  the  fused  mass  extracted  with  hot 
water,  acidulated,  and  precipitated  a  second  time. 

When  the  precipitation  with  barium  chloride  has  been  made  in 
this  way,  which  requires  no  more  trouble  than  working  in  a  rougher 
way,  the  results  are  altogether  accurate,  for  which  the  authority  of 
Fresenius  vouches  as  to  the  principal  points.  Certainly  the  process 
as  usually  carried  out  (also  by  Fresenius^s  prescription)  takes  a 
good  deal  of  time ;  and  this  probably  explains  most  of  the  attempts 
at  replacing  the  gravimetric  method  in  this  case  by  a  volumetric 
one.  But  if  the  work  is  done  as  described,  if  quite  boiling  solu- 
tions are  used,  even  the  barium-chloride  solution  employed  hot, 
if  the  clear  liquid  is  decanted  at  once,  the  precipitate  boiled  again 
with  water,  decanted  again,  &c.,  the  whole  work,  even  with  large 
quantities  of  precipitate  (2  to  3  grams),  takes  little  more,  and  with 
small  quantities  (for  instance,  when  estimating  the  sulphates  in  soda- 
ash)  often  less  time  than  the  volumetric  analysis,  and  at  the  same 
time  aflFords  the  advantage  of  greater  accuracy. 

To  be  sure  the  assertion  has  been  made,  by  a  firm  of  commercial 
analysts,  Messrs.  Teschemacher  and  Smith,  of  London,  that  sulphuric 
acid  under  no  circumstances  can  be  exactly  estimated  gravimetrically 
by  barium  chloride  (Chem.  News,  xxiv.  pp.  61,  66) ;  and  they  accord- 
ingly prefer  a  volumetric  method,  proposed  a  long  time  before  them 
by  Wildenstein  (Zeitschr.  f.  analyt.  Chemie,  i.  p.  432).  They  use 
a  standard  solution  of  barium  chloride,  which  is  added  to  the  boiling- 
hot  solution  of  pyrites  until  a  filtered  sample  gives  no  more  preci- 
pitate with  barium  chloride.  In  order  to  be  able  to  use  it  hot,  they 
do  not  add  the  barium-chloride  solution,  but  weigh  it  out  of  a 
dropping- vessel.  The  other  precautions  upon  which  they  insist,  such 
as  complete  oxidation  of  the  sulphur,  driving  ofP  of  the  nitric  acid, 
avoiding  a  large  excess  of  hydrochloric  acid,  contain  nothing  new. 
They  certainly  assume  a  much  larger  solubility  of  barium  sulphate 
in  dilute  hydrochloric  acid  than  any  other  observer.  Glendinning 
and  Edger  (ib.  p.  140)  explain  the  fact  mentioned  by  Teschemacher 
and  Smith,  that  the  clear  filtrate  from  the  barium  sulphate  frequently 
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becomes  cloudy  after  some  time,  by  the  circumstance  that  with  the 
barium  sulphate  ferric  sulphate  is  easily  carried  down,  which  is  only 
dissolved  again  in  washing,  and  which,  of  course,  gives  a  precipitate 
with  the  barium  sulphate  in  excess;  this, however,  must  affect  the 
accuracy  of  Teschemacher  and  Smithes  method  precisely  as  much  as 
that  of  the  ordinary  one.  This  certainly  cannot  be  disputed ;  and  it 
is  advisable  to  keep  the  filtrates  from  the  barium  sulphate  for  24 
hours  in  order  to  see  if  they  remain  clear ;  the  author  has  done 
this  scores  of  times,  but  never  got  any  afterprecipitate  when  the 
process  had  otherwise  been  properly  carried  out. 

In  any  case  the  process  of  Teschemacher  and  Smith,  as  prescribed 
by  them  in  detail,  is  not  a  short  one.  A  little  more  convenient, ' 
but  not  very  accurate,  certainly  not  sufficiently  so  for  buying  and 
selling,  is  the  modification  first  proposed  by  Wildenstein  (Fresenius, 
'  Quant.  Anal.^  6th  (German)  edition,  i.  p.  396) .  The  process  has 
reached  the  utmost  simplicity  as  employed  in  some  factories  for 
estimating  the  sulphates  in  black  ash  &;c.  The  liquid  is  brought  to 
the  boil  in  a  porcelain  dish,  barium*chloride  solution  is  added  from 
a  burette ;  from  time  to  time  a  few  drops  are  taken  out  with  a  glass 
tube,  filtered  through  a  miniature  filter  onto  a  glass  plate  resting 
on  a  black  background,  upon  which  a  number  of  drops  both  of 
dilute  sulphuric  acid  and  of  barium  chloride  have  been  put.  If 
the  filtrate  still  gives  a  cloudiness  with  a  barium-chloride  drop, 
easily  visible  on  the  black  ground,  the  little  filter  is  thrown  back 
into  the  dish,  more  barium-chloride  solution  is  added  from  the 
burette,  another  test  is  made,  and  so  forth.  The  end  is  attained 
when  a  filtered  drop  gives  an  extremely  small  cloudiness  both  with 
a  drop  of  barium  chloride  and  with  one  of  sulphuric  acid.  This 
process  yields  results  pretty  near  the  truth ;  with  very  small  quan- 
tities, however,  the  filtering,  washing,  and  igniting  can  be  done 
almost  as  quickly  as  the  titrating ;  the  drying  on  the  sand-bath 
need  not  be  reckoned,  as  it  involves  no  labour. 

The  same  objection,  viz.  that  they  do  not  in  the  end  save  so  very 
much  time,  and  that  after  all  they  are  not  so  accurate,  can  be  made  to 
the  various  other  volumetrical  methods  of  Carl  Mohr,  Clemm,  Wil- 
denstein (2nd  method),  Schwarz,  Pappenheim,  and  others  which  are 
described  in  the  treatises  of  Fresenius  and  Mohr ;  they  do  not  ofibr 
any  advantage  worth  speaking  of  in  competition  with  the  direct  titra- 
tion with  barium  chloride.  This  latter  method  is  certainly  employed 
regularly  by  some  chemists  in  lieu  of  the  estimation  by  weight. 
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The  estimation  of  sulphur  in  pyrites  has  also  been  tried  in  other 
ways,  principally  with  the  object  of  saving  time,  with  a  degree  of 
accuracy  believed  by  the  authors  to  be  sufficient. 

Best  known  probably  is  the  method  of  Pelouze  (Compt.  Bend, 
liii.  p.  685;  Ann.  de  Chim.  et  de  Phys.  [3],  pp.  63,  415).  The 
finely  powdered  pyrites  is  mixed  with  chlorate  of  potash,  common 
salt,  and  an  exactly  weighed  quantity  of  sodium  carbonate,  and 
ignited,  which  can  be  done  in  an  iron  spoon.  The  fluxed  mass  is 
dissolved  in  water,  filtered,  the  residue  washed,  and  the  soda  not 
converted  into  sulphate  estimated  alkalimetrically.  This  process 
continued  to  be  recommended  in  French  treatises  till  very  recently, 
although  its  inaccuracy  was  established  and  the  sources  of  error  partly 
demonstrated  by  many  chemists,  such  as  Barreswil,  Bottomley, 
Bocherofi^,  the  author,  and  especially  Kolb  ('Notes  sur  TEssai  des  Py- 
rites de  Fer ') .  Kolb  found  the  sources  of  error  on  the  one  hand  in 
the  formation  of  sodium  silicate,  on  the  other  hand  in  the  decompo- 
sition of  potassium  chlorate  in  the  presence  of  ferric  oxide  into  chlo- 
rine, oxygen,  and  caustic  potash.  Kolb  himself  proposes  to  flux  the 
finely  powdered  ore  with  5  grams  sodium  carbonate  and  50  grams 
copper  oxide  at  a  dark-red  heat,  to  heat  the  fluxed  mass  with  hot 
water,  to  filter,  and  to  estimate  the  remaining  soda  voluraetrically 
in  the  filtrate.  This  process  at  any  rate  requires  further  trial  and 
confirmation. 

In  the  Freiberg  works  1  gram  of  finely  ground  pyrites  is  mixed 
with  2  grams  sodium  carbonate  and  2  grams  saltpetre ;  the  mixture 
is  fluxed  in  a  small  iron  dish  in  a  red-hot  muffle-furnace,  dissolved 
in  hot  water  and  filtered  into  a  beaker  in  which  there  is  hydro- 
chloric acid  for  saturating  the  soda  in  excess.  Then  the  filtrate  is 
brought  to  boiling  and  the  sulphuric  acid  estimated  by  standard 
chloride-of-barium  solution.  This  is  accordingly  only  a  resolving 
of  the  ore  in  the  dry  way,  long  known,  as  against  that  in  the  wet 
way ;  and  it  certainly  saves  very  little  time,  if  any.  With  careful 
work  both  ways  give  identical  results  (Holland,  '  Chem.  News,' 
xxvii.  p.  15). 

Hayes  ('  American  Chemist,'  v.  p.  271)  describes  a  method  of 
resolving  pyrites  with  alcoholic  soda  and  lime,  the  advantages  of 
which  are  in  no  wav  evident. 

Freseniuslias  also  recommended  latterly  (Zeitschr.f .  anal.  Chcmie, 
xvi.  p.  335)  to  resolve  pyrites  by  fluxing  it  with  20  parts  of  a 
mixture  of  2  parts  of  dry  sodium  carbonate  entirely  free  from 
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sulpbatc^  and  1  part  of  pure  potassium  nitrate,  conducting  car- 
bonic acid  into  the  solution  for  the  precipitation  of  lead,  boiling 
the  residue  with  a  solution  of  sodium  carbonate  and  then  with 
water,  acidulating  with  hydrochloric  acid,  and  repeatedly  evapo- 
rating for  the  expulsion  of  nitric  acid,  after  which  the  process  is 
carried  on  as  usual,  the  precipitation  taking  place  by  barium 
chloride.  This  process  is  much  more  troublesome  and  tedious 
than  that  described  above  by  dissolving  in  aqua  regia,  and  it 
cannot  well  be  applied  to  larger  quantities  than  ^  gram  pyrites ; 
its  advantages  are  therefore  doubtful,  at  any  rate  for  technical 
purposes. 

Fahlberg  and  lies  (Bcr.  d.  deutsch.  chem.  Ges.  xi.  p.  1187) 
recommend  fluxing  the  sulphur-ore  with  caustic  potash  (25  grams 
to  0*1  gram  of  S)  in  a  silver  crucible  for  15  to  20  minutes,  lixivia- 
ting the  mass,  oxidizing  the  lower  oxides  of  sulphur  by  bromine- 
water,  and  precipitating  by  barium  chloride. 

The  so-called  mechanical  pyrites  assay  of  Anthon  (Dingl.  Joum. 
clxi.  p.  115)  is  too  rough  and  unreliable  even  for  very  simple  pur- 
poses. The  prescription  is  to  observe  the  space  taken  in  a  glass  tube 
by  8  grams  pure  pyrites  in  fine  powder  well  shaken  down,  on  the 
one  hand,  and  by  8  grams  of  fine  quartz  powder  on  the  other,  then 
to  divide  the  portion  of  the  tube  between  the  two  levels  into  50 
parts.  Thus  an  ore  to  be  estimated  is  said  to  be  valued  down  to  2 
per  cent.,  if  8  grams  of  it  are  put  into  the  tube. 

It  has  been  said  above  that  it  is  sufficient  to  estimate  the 
sulphur  in  a  pyrites  whose  nature  is  otherwise  known.  If, 
however,  the  pyrites  is  of  unknown  composition,  its  value  for 
acid-making  can  only  be  estimated  by  a  complete  determination  of 
all  its  constituents  according  to  the  rules  of  mineral-analysis.  If 
it  contains,  for  instance,  calcium  carbonate,  this  on  burning  will 
retain  its  equivalent  of  sulphuric  acid;  if  calcium  sulphate  is 
present  from  the  first,  its  sulphuric  acid  has  to  be  deducted  from  the 
whole  quantity  of  sulphur  found.  If  lead  has  been  found,  an 
equivalent  of  sulphur  must  be  considered  as  practically  lost ;  and 
the  same  is  the  case  with  zinc, — because  the  sulphates  of  both  metals 
are  hardly  or  not  at  all  decomposed  at  the  temperature  of  a  pyrites- 
burner.  Frequently  arsenic  will  also  have  to  be  sought  for;  and 
even  silica  may  be  of  importance — in  the  first  instance  because  in 
the  presence  of  much  silica  "  explosive  '^  properties  of  the  pyrites 
must  be  feared  (see  p.  100),  and  secondly,  in  the  case  of  cupreous 
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pjrrites,  because  silica  lessens  the  value  of  the  cinders.  Even  silver 
and  gold  are  sometimes  sought  for  (comp.  Chem.  News,  xxvi.  p.  63, 
xxxiv.  pp.  94,  132,  152, 172) ;  but  it  cannot  be  said  that  the  quan- 
tities found  have  any  influence  on  the  commercial  value  of  pyrites. 

3.  Other  Metallic  Sulphides  and  spent  Oxide  of  Gas  Works. 

Pyrites  proper  has  hardly  any  other  application  than  that  for 
sulphuric-acid  making,  and  it  is  got  almost  exclusively  for  this 
purpose.  In  the  case  of  cupreous  pyrites  the  sulphur  constitutes 
only  a  portion,  but  a  very  considerable  one,  of  its  value.  The 
working  of  poor  ores,  such  as  those  in  question  here,  would  not 
pay,  apart  from  the  noxious  effect  of  the  gas  produced  in  calcining 
the  ore,  unless  the  price  of  the  ore  were  very  moderate ;  and  this  is 
only  possible  by  the  acid-makers  paying  on  their  part  for  the  ore, 
which  they  can  do  very  well,  as  most  kinds  of  cupreous  pyrites 
behave  very  well  in  the  burners,  and  yield  quite  as  much  acid  in 
proportion  to  their  percentage  of  copper  as  the  non-cupreous  ores. 

The  case  is  different  with  most  other  sulphuretted  ores  occurring 
in  smelting-operations,  such  as  blende,  galena,  the  many  mixed 
ores  containing  these  besides  iron-  and  copper-pyrites,  the  richer 
copper-pyrites  themselves,  and,  lastly,  the  intermediate  products, 
'*  coarse  metal,''  "  matt,''  &c.  These,  for  their  metallurgical  utili- 
zation, equally  require  a  calcination  evolving  sulphurous  acid ;  but 
the  matter  is  very  difierent  here  from  what  it  is  with  a  good  pyrites, 
whether  it  be  pure  iron-pyrites  or  containing  a  few  per  cent, 
of  copper.  On  the  whole,  all  those  ores  and  metallurgical  products 
are  much  poorer  in  sulphur  than  ordinary  good  pyrites ;  and  even 
for  this  reason  they  are  less  easily  calcined  in  such  a  manner  as  to 
allow  of  utilizing  the  gas,  because  the  evolution  of  heat  by  the 
combustion  of  their  own  sulphur  is  not  sufficient  to  maintain  the 
process  energetically.  An  external  stimulus  was  required  before  the 
smelting-works  would  seriously  attempt  to  utilize  the  sulphurous 
acid  contained  in  the  gas  from  calcining  the  ores ;  and  this  was,  the 
damage  and  nuisance  caused  by  the  noxious  vapour  all  round  the 
works.  The  claims  for  damages,  the  law-suits,  and  the  measures 
taken  by  the  authorities  at  last  made  it  impossible  in  many  places 
for  the  works  to  go  on  in  the  old  way ;  and  although  it  appeared  at 
first  as  if  the  sulphurous  acid  could  not  be  condensed  at  all  in  this 
case,  or  only  at  a  loss,  practice  has  now  succeeded  in  fulfilling  the 
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task  in  most  (but  not  in  all)  cases,  principally  by  the  construction  of 
improved  burners,  which  will  be  described  in  the  chapter  on  that 
subject.  To  be  sure,  it  would  be  too  much  to  say  that  the  task 
had  been  solved  in  all  its  parts ;  the  success  has  mostly  been  only 
partial.  In  many  cases  where  an  ore  could  not  possibly  have 
been  calcined  so  as  to  utilize  the  gas,  mixing  of  it  with  others 
has  been  resorted  to.  Thus  the  Halsbriicke  works,  near  Freiberg, 
roast  galena  and  blende  along  with  pyrites ;  and  in  1870  they  made 
8000  tons  of  sulphuric  acid  from  the  gas.  This  properly  so-called 
metallurgical  sulphuric  acid  is  principally  made  in  Germany,  much 
less  in  other  countries. 

Touching  the  sulphurous  acid  escaping  as  noxious  vapour,  Leplay 
(comp.  Percy,  ^Metallurgy,'  1862, i.  p.  337)  mentions  that  in  South 
Wales  annually  46,000  tons  of  sulphur  escape  into  the  air  as  sul- 
phurous acid^  along  with  arsenic,  fluorine,  lead,  and  zinc  compounds, 
in  spite  of  the  condensing  chambers.  In  fact  the  country  round 
Swansea  is  deprived  of  all  vegetation.  At  Freiberg  the  works  in 
1864  paid  upwards  of  £2750  damages  on  account  of  their  vapours ; 
in  1870,  after  better  condensation  had  been  efifected,  only  £239. 
It  should  not  be  left  out  of  sight  that  sulphurous  acid  occurs  in 
very  large  quantity,  although  in  a  much  more  dilute  state,  in  all 
coal-smoke,  and  consequently  in  the  atmosphere  and  the  rain-water 
of  all  large  towns,  and  that  the  most  perfect "  smoke-combustion  *' 
cannot  do  away  with  this.  Much  more  injurious  than  the  vapours 
escaping  through  high  chimneys,  which  are  soon  diluted  with  air, 
is  the  smoke  from  brick-works,  coke-ovens,  and  other  fires  which 
emit  their  smoke  at  a  low  height  above  the  ground. 

A  detailed  investigation  of  the  influence  of  the  noxious  vapours 
at  Freiberg  on  vegetation  and  on  the  health  of  domestic  animals 
has  been  made  by  Preytag  (abstracted  in  Wagner's '  Jahresb.'  1873, 
p.  180).  The  sulphurous  acid,  sulphuric  acid,  arsenic,  and  zinc 
vapours  of  the  Freiberg  smelting- works  under  unfavourable  circum- 
stances, even  with  the  present  condensing  arrangements,  may  damage 
the  vegetation  of  the  neighbourhood  in  this  way — that  at  a  sufficient 
concentration  they  are  taken  up  by  the  leaves  covered  with  dew ;  on 
the  evaporation  of  the  water  the  organs  afibcted  are  corroded  and  put 
into  the  same  state  as  that  into  which  they  get  by  themselves  when 
vegetation  ceases.  This  injury  can  always  be  proved  both  by  the 
eye  and  by  chemical  analysis.  A  '^  poisoning  ^'  of  the  soil  or  of 
the  whole  plant  is  out  of  the  question.    The  assumption  of  an 
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invisible  injury  done  to  the  vegetation  by  the  smelting-works^ 
▼apouTB  and  the  awarding  of  damages  founded  hereon  is  unwar* 
ranted;  it  contradicts  the  fundamental  principles  of  all  exact 
inyestigation^  and  fosters  the  desire  of  the  unreasoning  multitude 
to  incessantly  raise  fresh  claims  for  damage  alleged  to  have  been 
done  by  the  works.  A  decrease  of  the  nutritive  value  of  food-plants, 
in  cases  of  visible  injury  done  to  the  leaves,  can  only  occur  in  con- 
sequence of  the  loss  of  these  leaves  and  the  lessened  ability  of  the 
plants  to  decompose  carbonic  acid  and  produce  organic  matter 
theifefirom.  Any  metallic  oxides  or  salts  adhering  to  the  leaves  of 
food-plants  may  become  dangerous  to  the  animal  organization  by 
inflammations  of  the  raucous  membranes,  and,  under  very  unfavour- 
able circumstances,  may  produce  death ;  but  this  fact  can  always  be 
established  with  certainty  by  post  mortem  examination  and  by  che- 
mical analysis.  The  assumption  that  the  ^'  acid  disease  '^  occurring 
in  that  neighbourhood  among  the  cattle,  and  tuberculosis,  are 
produced  by  the  noxious  vapours  is  utterly  unfoimded  and  must 
be  most  decidedly  contradicted. 

Schroeder  (Wagner's  ^Jahresber.'  1874,  p.  277)  has  made  extensive 
experiments  on  the  influence  especially  of  sulphurous  acid  on  vegeta- 
tion, with  results  of  which  the  following  are  the  principal: — Yrom.  air 
containing  as  little  as  y^o^y  of  its  volume  of  SO^  this  gas  is  absorbed 
by  the  leaves  of  "  leafy''  (deciduous)  trees  and  conifers  j  these  retain 
it  mostly,  a  smaller  portion  penetrating  into  the  wood,  the  bark,  and 
the  leaf-stalks,  cither  as  such  or  after  oxidation  to  sulphuric  acid. 
Conifer-leaves  absorb  less  sulphurous  acid  from  the  air  for  an  equal 
surface  of  leaves  than  deciduous  trees ;  the  absorption  takes  place 
equally  over  the  whole  surface  of  the  leaf,  not  by  the  stomatcs,  and 
therefore  has  no  relation  to  the  number  of  the  latter.  A  principal 
cause  of  the  injurious  efl*ect  of  sulphuric  acid  is  its  causing 
a  check  to  the  normal  evaporation  of  water,  the  disturbance 
being  in  a  direct  ratio  to  the  quantity  of  SO^ ;  the  evaporation  is 
mostly  affected  by  absorption  of  SOg  in  sunlight,  at  a  high  tempe- 
rature and  in  dry  air.  Conifers  are  not  visibly  lowered  in  their 
transpiration  by  the  same  quantity  of  sulphurous  acid  which 
aficcts  other  trees  (deciduous  ones) .  The  injury  done  by  sulphurous 
acid  is  greater  if  the  absorption  takes  place  at  the  lower  side,  than 
if  at  the  upper  side. 

Other  communications  on  this  matter,  partly  contradicting  those 
of  Schroeder,  have  been  made  by  Stockhart  (Wagner,  ^  Jahresb.' 
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1874,  p.  228).  According  to  his  observations  at  Zwickau,  a  distance 
of  630  metres  (=690  yju^s)  protects  even  the  most  sensitive  vege- 
tation against  the  effect  of  large  volumes  of  vapours,  if  they  escape 
through  chimneys  not  less  than  82 feet  high.  Conifers  are  much  more 
sensitive  than  deciduous  trees ;  the  decreasing  series  of  sensibility 
is — pine,  pitch-pine,  Scotch  fir,  larch,  hawthorn,  white  beech,  birch, 
fruit-trees,  hazel-nut,  horse-chestnut,  oak,  red  beech,  ash,  linden, 
maple,  poplar,  alder,  mountain-ash.  In  the  parts  of  plants  cor- 
roded by  sulphurous  acid,  not  this  acid,  but  sulphuric  acid  can  be 
found,  and  that  to  a  larger  extent  than  in  the  same  parts  of  plants 
collected  at  the  same  time  in  districts  free  from  smoke. 

Fischer  (Dingl.  Joum.  ccxx.)  has  given  a  short  synopsis  of  the 
researches  made  in  this  field.  We  shall  merely  mention  from  it 
that,  according  to  Hirt,  the  respiration  of  air  containing  1,  2, 3,  or 
even  4  per  cent,  of  SOg  has  no  sensible  eflfect  on  health  (?).  Under 
special  circumstances  this  sulphurous  acid  may  even  have  a  bene- 
ficial effect  on  public  health  by  a  disinfection  of  the  air.  What 
will  be  said  further  on  upon  this  matter,  in  the  chapter  describing 
the  condensation  of  hydrochloric  acid,  should  also  be  compared. 

In  the  following  we  shall  enumerate  the  results  obtained  with 
the  most  important  ores  and  metallurgical  products.  We  shall, 
however,  only  speak  of  the  utilization  of  their  sulphurous  acid  for 
vitriol-making,  omitting  as  outside  our  task  any  other  attempted 
utilization,  such  as  reduction  to  sulphur  by  red-hot  coal,  the  for- 
mation of  aluminium  sulphate  from  clay-slate,  &c.  Unfortunately 
nothing  like  all  the  sulphur  contained  in  those  ores  and  products 
can  be  utilized  as  yet ;  and  at  Clausthal,  for  instance,  latterly  the 
condensation  of  the  calcining  vapours  has  been  given  up  again, 
although  here  annually  1250  tons  of  sulphur  are  sent  into  the  air, 
and  the  fir-woods  of  the  neighbourhood  are  fearfully  ravaged 
thereby. 

ZinC'blende  is  calcined  in  several  places  with  a  view  to  sulphuric- 
acid  making  in  the  furnaces  of  Hasenclever  and  Helbig,  perhaps 
also  in  others ;  by  this  no  very  rich  gas  is  produced,  but  one  still 
available  in  vitriol-making.  The  principal  merit  of  having  carried 
out  the  experiments  consistently,  and  of  having  discovered  the 
proper  conditions  for  success,  belongs  to  the  Rhenania  Works 
near  Aachen,  managed  in  succession  by  the  two  Hasenclevers 
(father  and  son).  Already  25  years  ago  (comp.  Hasenclever,  loc,  cit. 
p.  167)  blende  was  roasted  there  in  a  reverberatory  furnace  with 
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two  diyisions^  the  upper  division  being  shaped  as  a  elose  roaster^  so 
that  the  gas  could  be  taken  to  the  lead  chambers.  The  difficulty 
with  blende  is  just  this,  that  it  is  very  difficult  to  desulphurize,  or, 
rather,  that  the  zinc  sulphate  formed  is  very  difficult  to  decompose 
into  zinc  oxide,  oxygen,  and  sulphurous  acid.  This  is  practically 
impossible  with  the  heat  produced  in  a  muffle  (close  roaster) ;  the 
ore  incompletely  roasted  in  the  same  must  be  desulphurized  by  an 
open  fire,  in  which  case  the  sulphurous  acid,  mixed  with  the  fire- 
gas,  cannot  possibly  be  utilized.  We  have  previously  mentioned 
that  a  percentage  of  zinc  in  ordinary  pyrites  means  almost  certainly 
a  corresponding  loss  of  sulphur.  But  even  the  gas  produced  in  the 
upper  muffle  is  poor  in  SOj,  and  in  the  chamber  causes  much  loss 
of  nitre  and  a  bad  yield  of  vitriol.  A  modification  of  the  first 
fiimace  by  Godin,  as  well  as  Gerstenhofer^s  furnace,  did  not  attain 
the  end  (Hasenclever,  toe.  cit.  p.  168) ;  it  was  not  till  1870  that  the 
problem  was  solved,  by  a  combination  of  the  old  muffle-furnace  with 
the  shelf-furnace  of  Hasenclever  and  Helbig,  which  will  be  described 
in  the  6th  Chapter.  This  furnace  is  at  work  atOberhausen,atStolberg 
near  Aachen,  at  Lethmathe  near  Iserlohn,  at  Bosdzin  in  Silesia,  &c. 
The  Stolberg  blende  contains  about  25  per  cent,  of  sulphur,  of 
which  18  per  cent,  enters  the  chambers  as  SO^,  6  per  cent,  escapes 
into  the  air,  and  1  per  cent,  remains  in  the  calcined  mass.  At 
Lethmathe  calcareous  blende  with  32  per  cent,  of  sulphur  is  worked, 
of  which  20  per  cent,  is  taken  to  the  chambers  as  SO^,  7  per  cent. 
escapes  with  the  fire-gas,  and  5  per  cent,  remains  as  calcium 
sulphate  (Stahlschmidt,  in  Hofmann's  ^  Official  Report  on  the 
Vienna  Exhibition,'  i.  p.  915).  In  this  process  as  much  coal 
is  used  as  in  the  usual  calcining  process  at  zinc-works,  viz.  28  parts 
to  100  of  raw  blende ;  the  wages  for  roasting  amount  to  1*.  7d.  per 
ton  of  blende  more  than  with  the  ordinary  reverberatory  furnaces 
(see  further  details  in  the  6th  Chapter). 

At  Freiberg  a  black  kind  of  blende,  mixed  with  pretty  large 
quantities  of  pyrites,  is  used  for  vitriol-making,  the  lump  ore  being 
preliminarily  roasted  in  large  kilns.  The  cinders  are  then  ground 
and  the  calcining  finished  in  a  reverberatory  furnace  without  uti- 
lizing the  sulphurous  acid  (Hasenclever,  toe.  cit.  p.  169). 

According  to  a  German  patent  of  Pameirs  (No.  1351,  8th  Sept. 
1877)  zinc  sulphate  is  obtained  by  a  preliminary  calcination,  dis- 
solved in  water,  and  so  much  raw  blende  mixed  with  it,  that  its 
zinc  amouuts  to  ^  of  that  in  the  sulphate ;  the  mixture  is  dried, 
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heated  in  a  close  furnace^  and  the  SO^  used  in  the  well-known  way. 
Under  these  circumstances  a  complete  decomposition  is  said  to  take 
place  below  a  red  heat. 

Copper  pyrites  and  mixtures  of  this  with  blende^  galena^  &c.  are 
roasted  in  several  places  in  kilns  so  as  to  utilize  the  SO2  in  acid- 
chambers — at  Chessy  near  Lyons,  at  Oker  in  the  Harz,  at  Mans- 
field, at  Swansea.  At  the  Altenau  silver-works  near  Clausthal 
in  1872,  228  tons  of  vitriol  of  106°  Tw.  were  made  from  copper- 
pyrites  (and  314  tons  from  lead-matts,  Wagner's  '  Jahresb/  1874, 
p.  276) .  At  Freiberg  the  Mulden  and  Halsbriicke  works  proceed  in 
the  same  way ;  but  they  only  utilize  the  ores  and  products  pretty 
rich  in  sulphur  for  vitriol-making. 

At  Oker  (Brauning,  '  Zeitschr.  f.  Berg-  Hiitten-  u.  Salinenwesen 
im  preuss.  Staate,'  1877,  p.  132)  at  present  about  15,000  tons  of 
ore  per  annum  are  used  for  acid-making,  viz.  the  five  following 
kinds : — 

1.  Iron-pyrites  about  2500  tons. 

2.  Ordinary  copper-pyrites 4200 

8.  Mixed  ores  8350 

4.  Rich   copper-ores,   excluding  those  , 

richest  in  copper 750 

5.  Lead-ores  containing  pyrites 4200     „ 


>y 


» 
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The  average  composition  of  the  ores  Nos.  2  to  5  is  shown  in  the 
following  Table : — 


Cu 

Pb 

Ag 

Pe 

Zn 

Mn 

Oo+Ni 
Ai+Sb 
8i0,  ... 
A1,0,... 
CaCO. 


Lead- 
ores. 

0-65 

11-79 

0O16 

11-86 

23-86 

218 

0-04 

01-2 

1-06 

1-81 

872 

0-89 


MgCO, 

BaSO,    15-97 

8 25-00 


Total 98-866 


Biixed 
ores. 

5-06 

9-52 

0-016 

16-26 

1899 

1-75 

006 

0-12 

1-53 

2-02 

1-91 

050 

1877 

2718 

96746 


Rich  oopper- 
ores. 

15-66 

4-88 

0-017 
2582 

7-90 

1-64 

0-04 

0-10 

0-87 

0-94 

2-21 

0-42 

666 
82-89 


Ordinary 
copper-ores. 

7-90 

2-17 

0-01 
84-93 

871 

1-08 

0-08 

0-06 

170 

2-61 

2-32 

074 

0-63 
41-08 


99-547 


9904 
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Traces  of  Hg,  Tl,  Cd,  and  Se  have  been  found  both  in  the  ores 
and  in  the  products  obtained  therefrom. 

Apart  from  pure  pyrites,  the  ^'  ordinary  ores  ^'  are  best  adapted 
for  vitriol-making,  because  they  contain  their  sulphur  mostly 
as  FeS^;  the  ''mixed  ores''  are  less  favourable,  on  account  of 
their  galena,  and  the  rich  copper-ores  on  account  of  their  large 
percentage  of  copper.  Of  the  lead-ores  only  those  amply  permeated 
by  pyrites  are  fit  for  vitriol-making.  The  sulphur  in  the  ores  worked 
at  Oker  varies  from  20  to  40  per  cent. ;  on  an  average  it  is  30  per 
cent. ;  but  it  must  be  noticed  that  the  sulphur  of  the  galena  is  alto- 
gether unavailable  for  vitriol-making.  The  case  is  not  much  better 
when  copper-pyrites  predominates,  because  this  furnishes  too  poor 
a  gas,  and,  moreover,  decrepitates  and  falls  to  powder  in  roasting. 
If  no  more  than  35  per  cent,  of  copper-pyrites  is  mixed  with  iron- 
pyrites,  it  does  no  harm.  Blende  behaves  in  a  similar  way,  but 
rather  more  favourably ;  ores  containing  35  per  cent,  blende  along 
with  25  per  cent,  pyrites  yield  gas  quite  adapted  for  vitriol-making. 

The  first  sulphuric-acid  works  at  Oker  were  erected  in  1841 ;  now 
there  is  there  the  largest  production  of  vitriol  in  Germany,  viz.  14 
sets  of  chambers  with  a  capacity  of  800,000  cubic  feet. 

Galena  is  probably  nowhere  worked  in  such  a  way  as  to  get  out 
its  sulphur  in  the  shape  of  sulphuric  acid.  The  purest  galena  con- 
tains only  13'4  per  cent,  of  sulphur ;  it  is  transformed  into  lead  sul- 
phate on  roasting,  and  only  in  the  strongest  white  heat  gives  off  a 
portion  of  its  sulphur  as  SO^;  moreover  the  metallurgical  pro- 
cesses to  which  it  is  subject  are  of  such  a  nature  that  only  poor  gas 
can  be  produced  from  it.  This  matter  has  been  discussed  by  Bode  in 
his  '  Beitrage  zur  Theorie  und  Praxis  der  Schwefelsaurefabrikation,' 
1872,  pp.  32  &  63 ;  his  conclusion  is  that  even  mixtures  of  galena 
and  pyrites  cannot  be  roasted  in  kilns  for  vitriol-making  if  they 
contain  more  than  18  to  20  per  cent,  of  galena. 

"  Coarse  metaV  of  copper-smelting  is  roasted  for  vitriol  at 
Mansfeld.  A  product  containing  34  per  cent.  Cu,  28  per  cent. 
Fe,  and  28  per  cent.  S,  according  to  Bode,  yields  gas  with  5J  per 
cent,  by  volume  of  SO^,  and  at  a  sufficiently  high  temperature  to  work 
with  the  Glover  tower.  In  most  cases,  up  to  the  present,  coarse 
metal  cannot  be  roasted  so  as  to  utilize  the  SO^^. 

Lead-matt  is  used  for  vitriol-making — ^for  instance,  at  Freiberg 
and  in  the  Lower  Harz ;  it  is  roasted  there  in  large  kilns  of  12^ 
tons  capacity.     The  matt  loses  half  its  sulphur,  and  yields  gas  with 
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4  to  6  per  cent,  of  SOj ;  the  temperature,  according  to  Bode,  is 
high  enough  for  the  Glover  tower.  In  the  Upper  Harz,  the 
utilization  of  its  sulphur  in  metallurgy  has  in  general  not  been 
found  practicable. 

The  spent  oxides  from  the  purification  of  gas  by  hydrated  ferric 
oxide  are  in  many  places  used  for  vitriol-making.  This  sulphur 
originally  also  comes  from  pyrites,  viz.  from  that  contained  in  the 
coal,  which  appears  in  the  gas  mostly  as  sulpuretted  hydrogen. 
Most  large  works  remove  it,  according  to  the  patent  of  F.  C.  Hills 
(1857),  by  a  mixture  of  hydrated  iron  oxide  and  sawdust.  In  this 
case  sulphide  of  iron  and  sulphur  are  formed,  according  to  the 
equation 

Fe2(OH)6+ 3  H2S=2  FeS  +  S  -h  6  H^O  ; 

and  when  the  mass,  having  become  inactive,  is  exposed  to  the  air,  it 
again  passes  over  into  ferric  hydroxide,  more  sulphur  being  preci- 
pitated, thus, 

2  FeS  -h  08+ 3  H20=Fej(OH)6+  Sj. 

The  hydroxide  thus  reproduced  and  mixed  with  sulphur  is  again 
used  in  the  purifiers,  and  thus  regenerated  about  30  or  40  times 
before  the  sulphur  has  accumulated  therein  to  such  an  extent  that 
the  mixture  does  not  work  any  more ;  it  is  then  replaced  by  fresh 
oxide,  and  the  spent  ore  is  passed  over  to  vitriol-makers. 

Phipson  states  the  composition  of  such  a  mass  to  be  : — 

Water 14  per  cent. 

Sulphur 60        „ 

Organic  substance  insoluble  in  alcohol. . .  3        „ 
Organic    substance   soluble  in    alcohol 
(calcium    ferrocyanide    and    sulpho- 
cyanide,    ammonium    sulphocyanide, 

salammoniac,  hydrocarbons) 1*5 

Clay  and  sand    8 

Calcium  carbonate,  ferric  oxide,  &c.    . . .  13*5 


>9 

99 


100         „ 


Hot  water  extracts  the  ferrocyanides  and  sulphocyanides,  along 
with  salammoniac ;  the  solution  can  be  evaporated  to  dryness,  and 
the  residue  separated  by  alcohol  into  insoluble  calcium  ferrocyanide 
and  soluble  sulphocyanides  and  salammoniac. 
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According  to  the  Analyses  of  Davis  ('Chemical  News/  xxix. 
1874^  p.  30),  3  samples  of  spent  oxides  contained : — 


I. 

Snlphup 64-376 

Ferric  hydroxide  14-421 

Insoluble    11052 

Moisture 2079 

Lime(aeCaS)   2-399 

Sawdust 2-470 

Caldum  carbonate    

Ammonium  sulphocyanide  2*662 

Ammonium  chloride 

Ammonium  cyanide 

Ammonium  ferrocyanide     

Prussian  blue    trace 


\  0-605 


n. 

in. 

62-358 

67-956 

17112 

15-335 

5-099 

8-304 

5-387 

3-900 

1-776 

1002 

5135 

3006 

1824 

1-102 

1-663 

0-366 

trace 

100-064  100-220  100605 

These  samples  seem  to  have  been  taken  from  precipitated  iron 
hydroxide,  to  judge  from  further  analyses  by  Davis  (Chem.  News, 
xxxyi.  p.  189),  in  which  also  tarry  substances  are  taken  into  account. 

Residues  proceeding  from 

Precipitated  Bog-iron-  Sad 

Fe2(OH)0.  oro.  Copperas.  oxides. 

Ferric  hydroxide   17-74-19-36  15-96-2642  504-  684  8'72-20-40 

Sawdust 1-98-  4*72  114-  372  1-04-  324  216-  976 

Calcium  carbonate 0-    -104  0-    -1*73  0-  0*    -1036 

Ammonium  sulphocyanide   ...       199-2-74  0-94-1-93  1-98-341  118-4-72 

Ammonium  ferrocyanide trace  trace-  0*21  0-27-  0-64  trace-  0-44 

Tarry  matters 072-  1-22  092-  114  0-72-  118  055-  1-04 

Sulphur 62-44-67-18  4876-5744  4876-^5574  32-42-4216 

Insoluble  in  dilute  HOI    366-5-47  9-74-11-42  7-82-1268  12-12-2071 

Prussian  blue trace- 0-17  trace-  1-74  trace- 0-64 

Calcium  sulphate trace-  1-43  0-    -3-23 

Ammonium  sulphate 12-78-16-72  0-    -1*14 

Moisture  (by  difference)   4-72-5-76  7-22-10-82  7-9^922  7-49-33-41 

From  these  analyses  it  can  be  seen^  firsts  that  it  is  decidedly  best 
to  extract  the  mass  at  first  with  water^  in  order  to  remove  the  am- 
monia compounds^  which  are  in  themselves  valuable^  and  which,  if 
they  get  into  the  chambers,  destroy  a  good  deal  of  nitre  (their  value 
is  certainly  greatly  lessened  by  the  sulphocyanide) ;  secondly,  that 
sometimes  a  considerable  quantity  of  calcium  carbonate  is  present, 
which  may  get  into  it  at  the  gas-works  by  lime  being  added,  on 
purpose  or  by  mistake,  and  which,  of  course,  retains  an  equivalent 
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qiuintity  of  sulphur  in  the  shape  of  gypsum.      In  fact  a  sample  of 
the  residue  left  after  burning  contained 

Insoluble 33-386 

Ferric  oxide 52399 

Calcium  sulphate    13'315 

Sulphur   0-200 

These  impurities  (which  cause  a  loss  by  retaining  sulphuric  acid) 
and  the  sulphates  present  from  the  first  (which  are  not  available) 
must  be  allowed  for  in  analyzing.  This^  according  to  Davis^  was 
formerly  done  by  extracting  the  sulphur  by  means  of  carbon 
bisulphide^ evaporating  the  solution^  and  weighing  off  the  sulphur; 
but  as  the  presence  of  tarry  matters  causes  an  error,  Davis  now 
makes  the  analysis  by  burning  the  sulphur  in  a  current  of  air  in  a 
combustion-tube  of  Bohemian  glass,  conducting  the  SO^  formed 
into  an  absorbing  apparatus  filled  with  iodine  solution^  and  reti- 
trating  the  unaffected  iodine  by  a  solution  of  sodium  hyposulphite 
(Chem.  News,  xxxvi.  p.  190). 

The  burning  of  this  gas-sulphur  is  usually  done  in  shelf-furnaces 
similar  to  those  used  for  pyrites  smalls.  They  will  be  described  in 
detail  further  on.  Already  in  1861,  at  Barking  Creek,  on  the 
Thames,  2180  tons  of  this  material  was  used ;  but  much  lai^er 
quantities  might  have  been  got,  since,  according  to  A.  W.  Hofmann 
('  Report,'  1862,  p.  15),  even  at  that  time  at  least  10,000  tons  of 
sulphur  were  contained  in  the  London  gas. 

In  France  also,  at  that  time,  the  sulphur  from  gas-works  was 
used  on  a  large  scale.  The  factory  at  Aubervilliers,  belonging 
to  the  Society  of  St.-Gobain,  used  no  other;  Messrs.  Seybel 
and  Co.  at  Liesing,  near  Vienna,  and  Kimheim  and  Co.  at  Berlin 
(Wagner's  Jahresb.  1864,  p.  153 ;  Hasenclever,  /.  c.  p.  167)  do  the 
same. 

At  Kunheim's  works  in  Berlin  the  spent  oxides  are  utilized  in  a 
very  rational  manner.  First,  by  washing,  the  ammonia  salts  are 
extracted ;  the  residue,  boiled  with  a  little  lime,  yields  a  double 
cyanide,  from  which,  by  the  addition  of  potassium  sulphate,  a  solu- 
tion of  potassium  ferrocyanide  is  obtained ;  the  new  residue,  dried 
and  roasted,  yields  SO,  for  the  acid-chambers;  and  there  re- 
mains behind  an  oxide  of  iron  applicable  for  purifying  the  gas 
(Kopp,  ^  Swiss  Report  on  the  Vienna  Exhibition,'  iii.  p.  31).     Cal- 
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cined  iron  oxide  will,  however,  hardly  be  fit  for  the  purification 
of  gas. 

O.  Schott  (Dingl.  Joum.  ccxxi.  p.  142)  has  proposed  to  utilize,  for 
vUriol-makinff,  the  sulphurous  acid  given  off  in  making  glass  from 
sodium  sulphate.  The  gas  is  to  be  made  richer  in  sulphur  by  employ- 
ing for  the  glass-mixture  gypsum  in  lieu  of  limestone.  Sulphate  of 
Boda,  gypsum,  and  coal  are  to  be  mixed  in  proper  proportions,  and 
brought  to  a  bright  red  heat  in  mufi9e-f  umaces  or  in  elliptical  glass 
pots,  until  the  SOg  is  driven  off.  The  fritted  residue  of  sodium 
and  calcium  silicate  is  to  be  powdered  and  used  by  glass-works ; 
the  gas  is  to  be  conducted  into  lead  chambers  and  worked  for 
vitriol.  This  process  seems  entirely  impracticable,  especially 
since  such  diluted  gas  (mixed  with  a  great  deal  of  carbonic  acid) 
has  not  yet  been  utilized. 


4.  Nitrate  of  Soda, 
NOgNa. 

\  (Na«0)  =  31  36-47  per  cent, 

i  (NjO^)  =  54  63-53 

85  100-00 

Hardness  1*5  to  2;  spec.  grav.  2*09  to  2-39.  In  the  pure  state, 
and  in  large  crystals,  it  is  colourless,  transparent,  and  brilliant  as 
glass ;  in  small  crystals  it  is  white  and  opaque.  It  has  a  cooling, 
bitter  taste.  Heated  to  a  certain  temperature,  it  melts ;  at  a  red 
heat  it  is  decomposed  into  sodium  nitrite  and  oxygen  gas.  Mixed 
with  coal,  it  deflagrates  on  heating.  It  attracts  moisture  from  the 
air  (especially  if  not  quite  free  from  chlorides),  and  readily  dis- 
solves in  water,  with  a  considerable  lowering  of  the  tempera- 
ture. 

1  part  of  sodium  nitrite,  according  to  Marx,  requires  for  so- 
lution 1-58  part  of  water  at  -6°,  125  at  0°,  046  at  +119°  C. 
According  to  Kopp,  1  part  of  sodium  nitrite  at  18°-5  C.  requires 
1'14  of  water,or  100  parts  of  water  dissolve  87*72  parts  of  the  salt. 
In  the  presence  of  sodium  chloride  its  solubility  is  considerably 
less. 
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Specific  Gravity  of  the  Solutions  of  Sodium  Nitrate  at  20°  ( 

ParU  of  Bait 
in  100  water. 

1 

Specific 
gravity. 

10065 

Parte  of  aalt 
in  100  water. 

26 

Specific 
grarity. 

11904 

2 

10131 

27 

11987 

3 

10197 

28 

1-2070 

4 

10264 

29 

1-2154 

5 

10332 

30 

1-2239 

6 

10399 

31 

1-2325 

7 

10468 

32 

1-2412 

8 

10537 

33 

1-2500 

9 

10606 

34 

1-2589 

10 

10676 

35 

1-2679 

11 

10746 

36 

1-2770 

12 

10817 

37 

1-2863 

13 

10889 

38 

1-2958 

14 

10962 

39 

1-3055 

15 

11035 

40 

1-3155 

16 

11109 

41 

1-3255 

17 

11184 

42 

1-3355 

18 

11260 

43 

1-3456 

19 

11338 

44 

1-3557 

20 

11418 

45 

1-3659 

21 

11498 

46 

1-3761 

22 

11578 

47 

1-3864 

23 

11659 

48 

1-3968 

24 

11740 

49 

1-4074 

25 

1-1822 

50 

1-4180 

Sodium  nitrate  crystallizes  from  its  solutions  in  rhombohedric 
crystals  with  angles  of  106°  SO'  and  73°  SO'.  Its  melting-point  is 
Sie^-SIQ^'C.  (Camelley,  Joum.  Chem.  Soc.  1878,  ii.  p.  277). 

It  occurs  in  many  places  in  small  quantities ;  but  the  only  large 
bed  of  it  is  in  the  south  of  Peru,  near  the  frontier  of  Chili,  in  the 
district  of  Tarapaca,  between  19  and  2Si  degrees  of  south  lati- 
tude, partly  in  the  plateau  of  Atacama,  SSOO  feet  above  the  sea-level, 
and  covering  260,000  acres.  It  was  discovered  in  1821  by  Mariano 
de  Rivero,  and  has  been  worked  since  18S0.  According  to  G.  Lang- 
bein  (Wagner's  Jahresb.  1871,  p.  SOO,  and  1872,  p.  290)  there  ex- 
isted  in  1871  in  this  district  eleven  large  nitre-refineries,  with  a  daily 
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production  of  about  300  tons  refined  nitre.  The  nitre-bearing 
rock^  called  caliche,  is  found  in  layers  of  from  10  inches  to  5  feet 
depth,  which  rarely  crop  out  at  the  surface.  The  overlying  rock, 
called  costra,  is  18  inches  to  7  feet  thick,  and  consists  principaUy 
of  a  hard  conglomerate  of  sand,  felspar,  phosphates,  and  other 
minerals. 

The  composition  of  the  caliche  varies  ;  it  contains  from  48 
to  75  per  cent,  of  sodium  nitrate,  20  to  40  per  cent,  of  sodium 
chloride,  and  varying  quantities  of  sodium  sulphate,  calcium  sul- 
phate, potassium  nitrate,  potassium  iodate,  magnesium  chloride, 
also  insoluble  earthy  portions  and  organic  substance  (guano) .  It  is 
first  broken  by  a  stone-breaking  machine,  and  then  put  into  the 
dissolvers.  These  are  partly  open  square  tanks,  preferably,  however, 
closed  egg-shaped  boilers  with  two  man-holes — one  on  the  top  for 
filling  in  the  caliche,  another  at  the  bottom  for  emptying  the 
residue.  The  mass  rests  on  a  perforated  bottom.  The  boilers  are 
filled  entirely  with  the  broken  rock,  and  half  with  mother  liquor, 
and  are  heated  by  direct  steam  injected  below  the  false  bottom. 
After  1;^  to  2^  hours  the  liquid,  then  sufiiciently  saturated  with 
nitre,  is  run  into  settlers ;  from  these  it  flows,  after  several  hours, 
into  a  second  settler,  where,  by  half  an  hour's  rest,  it  allows  some 
still-suspended  common  salt  to  subside,  and  then  runs  into  shallow 
coolers.  The  residue  from  the  dissolvers,  which  still  contains  15 
to  35  per  cent,  of  sodium  nitrate,  is  either  emptied  at  once  or  boiled 
once  more  with  fresh  water.  The  crystals,  separated  in  the  coolers 
after  draining  off"  the  mother  liquors,  are  spread  in  layers  of  12  to 
18  inches  thickness  on  a  large  surface  exposed  to  draught,  and 
dried  with  frequent  stirring.  The  total  cost  of  sodium  nitrate,  up 
to  its  reaching  European  ports,  in  1871,  amounted  to  j£8  ISs.  per 
ton,  which  leaves  a  good  margin  for  profit  at  the  average  price  of 
iE12  (it  has  reached  £16  and  more).  Most  nitrate  is  shipped  from 
Iquique. 

Its  exportation  is  constantly  increasing,  as  is  proved  by  the  fol- 
lowing figures : — 

tons. 

1830 935 

1835 7020 

1840 11368 

1850 25592 

1860 68512 
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tonfl. 

1870  147170 

1871  180295 

1872 exceeding  200000 

Since  July  12th,  1873,  the  Peruvian  Grovemment  has  taken  in 
hand  the  sale  of  nitrate  of  soda,  and  has  fixed  the  maximum 
exportation  at  225000  tons. 

Touching  the  formation  of  nitrate  of  soda,  the  hypothesis  of  C. 
NoUner  (Wagner's  Jahresb.  1868,  p.  290)  is  considered  most 
probable,  according  to  which  enormous  masses  of  seaweed  have 
been  thrown  by  hurricanes  into  that  bay,  at  that  time  situated 
at  a  much  lower  level,  the  nitrogen  of  the  seaweed,  on  its  slow 
decay,  occasioning  the  formation  of  caliche.  In  favour  of  this 
hypothesis  are  the  constant  occurrence  of  iodine  in  the  caliche, 
the  prevalence  of  westerly  winds  in  that  coxmtry,  the  total  absence 
of  rain,  so  that  the  nitre  formed  was  not  washed  out,  and  the  well- 
known  gradual  rising  of  the  whole  coast  above  the  sea-level. 

The  iodine  collecting  in  the  mother  liquors  in  the  shape  of  iodate 
is  obtained  as  such,  or  in  the  form  of  cupreous  iodide,  in  a  few 
works,  and  shipped  to  Europe. 

A  few  analyses  may  be  subjoined  here : — 

Caliche.  Oostra. 


■  Aw^      ^MM^—^M— <i^ii— — ^^^ 


o.  b,  c.  d.  0. 

Sodiam  nitrate 7(H2  6097  51-60  4905        18-60 

Sodium  iodate  1-90  078 

Sodium  iodide  ...  traces  traces 

Sodium  chloride  2239  16-85  22-08  29*95        3380 

Sodium  sulphate  1*80  4*56  8*99  902        16*64 

Potassium  chloride ...  8-55  4-57  2*44 

Magnesium  chloride ...  0*43  1*25  1*62 

liagnesium  sulphate 0*51  5*88 

Calcium  sulphate 0*87  1*31 

Calcium  carbonate    ...  012  015  0*09 

Silica  and  ferric  oxide ...  0*90         2-80         3-00 

Insoluble    0*92  4-06  6-00         3*18        20*10 

Moisture    0*99  5-64 


•    •   4 


lOOKX)      100*00 


The  analyses  a  and  b  {a  white,  b  brown  caliche)  are  by  Machattie 
(Chem.  News,  xxxi.  p.  263).  They  are  somewhat  suspicious,  both 
on  account  of  the  total  absence  of  potassium  salts  and  of  the  ex- 
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tremely  improbably  high  percentage  of  sodiam  iodate.  This  is  all 
the  more  noticeable  as  Machattie  at  the  same  time  states  the 
average  percentage  of  iodine  in  five  samples  of  mother  liquor  to  be 
=0'56,  equal  to  0*873  per  cent,  of  sodium  iodate^  which  may  be 
nearer  the  truth.  The  analyses  c,  d,  and  e  are  by  V.  L'OHvier 
(Compt.  Rend.,  26th  October,  1875) . 

R.  Wagner  (Jahresb.  1869,  p.  248)  found  in  commercial  nitrate 
of  soda 

Sodium  nitrate    94*03 

„       nitrite    0*31 

„        chloride 1*52 

Potassium  chloride 0*64 

Sodium  sulphate 0*92 

„       iodate 0*29 

Magnesium  chloride   0*93 

Boric  acid    traces 

Moisture 1*36 


10000 


The  nitrate  of  soda  imported  into  England,  as  used  by  vitriol- 
makers,  is  much  purer  than  the  above  sample.  The  English  sellers 
mostly  guarantee  a  maximum  of  5  per  cent,  ''refraction^'  (that  is, 
the  total  percentage  of  all  foreign  constituents,  inclusive  of  water), 
frequently,  however,  4  or  even  3^  per  cent,  refraction.  English 
vitriol-makers  would,  indeed,  altogether  refuse  nitrate  containing 
upwards  of  3  per  cent,  of  chlorides,  like  that  analyzed  by  Wagner, 
1  per  cent,  being  the  maximum  allowed.  The  muriatic  acid  gene- 
rated from  them,  of  course,  gives,  with  nitric  acid,  free  chlorine 
and  its  compounds  with  nitrogen  oxides,  and  causes  a  loss  of  the 
latter.    The  average  composition  of  nitrate  for  chemical  works  is 

96  sodium  nitrate  (including  nitrite,  iodate,  &c.), 
0*5  chlorides  (calculated  as  NaCl), 
0*75  sulphates  (calculated  as  NaS04), 
2*75  moisture. 

In  the  factories  the  value  of  nitrate  is  mostly  only  estimated 
indirectly,  viz.  the  ''  refraction.^'  10  grams  are  well  dried  in  a 
porcelain  capsule,  weighed  again,  dissolved,  the  residue  (if  any) 
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estimated^  the  liquid  dissolved  to  a  certain  volume,  and,  in  certain 
portions  of  the  liquid,  chlorine  and  sulphuric  acid  estimated  in  the 
usual  way.  Of  course  a  direct  estimation  of  the  nitric  acid  can  be 
made  by  one  of  the  methods  described  on  page  48  &c. 

"When  emptying  nitrate  of  soda  from  the  bags,  a  certain  quan- 
tity of  the  salt,  which  is  always  damp,  remains  adhering  to  them — 
which  not  only  causes  loss,  but  makes  them  useless,  and  even  pro- 
duces a  danger  of  fire.  It  is  therefore  well  to  lixiviate  the  bags  with 
hot  water,  and  to  dry  them.  The  solution  is  evaporated  to  a  small 
bulk  and  crystallized. 

The  mother  liquor  is  always  very  rich  in  chlorides,  which  seems 
to  show  that  the  deliquescence  of  sodium  nitrate  is  not  a  property 
of  the  pure  salt,  but  is  owing  to  the  magnesium  and  calcium  chloride 
contained  in  it,  since  the  dampest  salt  will  adhere  to  the  bags. 

5.  Nitric  Acid, 

NOgH. 

.  This  may  also  be  called  one  of  the  raw  materials  of  vitriol- 
making,  although  a  manufactured  product  itself,  in  those  works 
using  it  in  lieu  of  solid  nitre. 

Its  properties  and  mode  of  manufacture  need  only  be  described 
here  very  briefly,  especially  as  it  is  nowhere  in  Great  Britain  used 
for  the  purpose  of  vitriol-making. 

The  nitric  acid  proper  (the  monohydrate)  has  the  equivalent  63, 
and  may  be  said  to  contain  as  constituents  85*71  nitric  anhy- 
dride (N2O5)  and  14*29  water.  Its  specific  gravity  is  1*54  at  20°, 
or  1*55  at  15°.  It  is  colourless  if  perfectly  pure ;  but  the  strongest 
acid  of  commerce  is  always  coloured  yellow,  or  even  red,  by  a  partial 
decomposition  into  oxygen  and  nitrogen  tetroxide,  N2O4  (hyponitric 
acid).  Its  boiling-point  is  86°  C.  On  boiling  an  acid  containing 
a  little  water,  at  first  strong  acid  distils  over,  till  the  boiling-point 
of  the  remainder  has  reached  126°,  at  which  point  the  thermometer 
remains  stationary,  and  an  acid  of  constant  composition  for  any 
certain  pressure  distils  over.  Exactly  the  same  point  is  reached 
from  the  opposite  side  by  distilling  more  dilute  acids,  in  which  case 
water  distils  over,  and  the  remaining  acid  becomes  more  and  more 
concentrated,  till  the  above  stationary  point  is  reached.  The  acid 
at  that  point  has  nearly  the  composition  2N03H-f  SH^O  (corre- 
sponding to  60  NgOg  and  40  HgO)  and  a  specific  gravity  of  1-42. 
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The  oxidizing  properties  of  nitric  acid  are  well  known,  and  cannot 
be  described  in  detail  here ;  but  it  should  be  mentioned  that  an 
acid  containing  a  large  proportion  of  the  lower  oxides  of  nitrogen, 
the  ''  red  fuming  nitric  acid/'  has  even  more  strongly  oxidizing 
properties  than  the  pure  acid,  because  fchis  helps  to  explain  some 
points  in  the  theory  of  the  formation  of  sulphuric  acid,  as  we  shall 
see  in  the  respective  chapter. 

Nitric  acid  has  been  known  since  the  time  of  Geber,  in  the  8th 
century;  and  Baymundus  Lullus  in  1225  taught  how  to  prepare  it  by 
distilling  a  mixture  of  clay  and  saltpetre.  Now-a-days  it  is  always 
made  by  distilling  nitrate  of  soda  with  sulphuric  acid,  an  excess  of 
the  latter  acid  beyond  the  theoretical  quantity  having  to  be  used  in 
practice. 

In  theory  85  parts  of  NaNOg  require  49  parts  of  SO4H2,  and 
yield  63NO3H  along  with  71Na3S04;  this  comes  to  the  same  as 
67*6  parts  of  S04H^  or,  say,  60  parts  of  ordinary  strong  oil  of 
vitriol  (with  93  per  cent,  of  SO4H2)  to  100  parts  of  95-per-cent. 
nitrate.  If  these  proportions  are  used,  a  portion  of  the  nitric  acid 
iB  always  decomposed  into  O  and  N9O4,  and  red  fuming  acid  is 
obtained.  To  avoid  the  loss  involved  in  this  operation,  generally 
more  dilute  nitric  is  produced  by  employing  wei^er  sulphuric  acid, 
say  of  140°-148°  Tw.,  and  more  than  the  theoretical  quantity  of  it, 
generally  from  20  to  30  per  cent,  in  excess  of  the  simple  equivalent. 
In  this  case  the  admixture  of  a  certain  quantity  of  sodium  bisulphate 
makes  the  residue  of  distillation  much  more  easily  fusible,  and 
facilitates  its  removal  from  the  retorts.  When  the  acid  is  made 
at  works  where  salt  is  decomposed,  even  more  sulphuric  acid  than 
the  above  is  generally  employed,  as  the  excess  is  not  lost,  the  re- 
sidual "  cylinder-cake ''  or  ''  nitre  cake  "  being  regularly  mixed  with 
the  salt  to  be  decomposed  in  the  sulphate-pans;  in  this  case  as 
much  sulphuric  acid  is  saved  as  corresponds  to  the  bisulphate  con- 
tained in  the  cylinder-cake. 

The  manufacture  of  nitric  acid  takes  place  in  very  similar  appa- 
ratus to  those  formerly  used  in  the  manufacture  of  muriatic  acid, 
where  the  latter  was  the  principal  product,  and  which  we  shall 
describe  in  the  second  book,  viz.  glass  retorts  or  cast-iron  retorts. 
The  former  are  very  little  used  now  on  a  large  scale.  The  retorts 
in  most  works  are  cylindrical,  generally  about  2  ft.  wide  and  5  ft. 
long,  two  being  heated  by  the  same  fire.  The  ends  of  the  cylinders 
are  tree ;  one  of  them  is  fixed  and  provided  with  a  pipe  for  taking 
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away  tbe  vapours ;  the  other  end  takes  off  and  serves  for  charging 
the  nitre  and  diBchai^ng  the  residue.  A  hole  and  S-shaped  funnel 
in  the  man-Ud  allow  of  running  in  tbe  sulphuric  acid.  These 
cylinder-ends  cause  a  good  deal  of  cooling,  and  consequently  a  loss 
of  fuel,  which  can  be  avoided  to  a  great  extent  if  they  are  not  made 
of  iron  but  of  a  single  stone  flag  each ;  tbe  charging  end  also 
remains  fixed  in  this  case,  the  nitre  being  charged  through  a 
■mall  general  opening  in  it,  and  the  residue  being  run  off  in  a 
liquid  state  through  a  pipe  generally  closed  by  a  ground-in  iron 
■topper.  A  little  more  sulphuric  acid  is  employed  in  this  case,  so 
as  to  obtain  a  very  fluid  mass  at  the  end.  If  tbe  Bulphuric  acid  is 
taken  at  144°  Tw.,  the  receivers  will  contain  a  nitric  acid  of  77°  to 
82°  Tw.  J  if  weaker  acid  is  desired,  a  little  water  is  put  into  the 
receivers.  The  strongest  acid,  of  106°  Tw.,  can  only  be  made  &om 
■troDg  vitriol  and  dried  nitrate. 

The  cylinders  are  often  cast  so  that  their  upper  half  can  be  pro- 
tected against  the  attack  of  tbe  acid  by  liniug  it  with  acid-proof 
bricks  (see  flg.  9)  ;  but  according  to  some  this  does  more  harm 
than  good,  as  the  upper  part  of  tbe  metal  cylinder  is  all  the  less 
acted  upon  by  the  nitric  acid  the  hotter  it  becomes. 

Fig.  9. 


Some  works  use  large  semicylindrical  trougha  of  cast  metal  with 
broad  flanges  and  a  vertical  rim  all  round,  in  order  to  cover  them 
by  &  brick  arch  or  a  stone  slab. 

lifany  continental  works  ose  retorts  of  a  very  different  shape, 
vii.  cast-iron  pots  about  4  ft.  high  and  equally  wide,  having  an 
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opening  with  a  lid  at  the  top  for  introducing  nitre  and  snlphuric 
acid,  and  a  side  branch  for  taking  away  the  gas,  similar  to  a  labo- 
ratory-retort.    The  whole  is  set  in  a  furnace  in  such  a  way  that  it 
is  altogether  surroiinded  by  the  fire,  even  at  the  top,  to  which  access 
is  obtained  from  time  to  time  by  removing  a  fire-clay  slab  forming  a 
temporary  cover  to  the  furnace  in  that  place.     This  arrangement 
saves  a  good  deal  of  fuel ;  and  as  the  metal  gets  hot  all  over,  the 
retort  stands  very  well.    The  melted  residue  remaining  after  each 
operation  is  sometimes  run  off  by  a  side  branch  at  the  bottom, 
closed  by  a  plug ;  but  more  frequently  it  is  taken  out  with  ladles 
from  the  top  whilst  still  in  the  liquid  state.     Each  of  these  appa- 
ratus holds  5  cwt.  of  nitre ;  and  each  operation  lasts  14  or  16  hours. 
The  condensing-apparatus  always  consists  of  stoneware  Woulfe's 
bottles,  exactly  like  those  used  for  muriatic  acid  (compare  that 
chapter),  combined  in  sets  of  seven  to  nine  or  even  more.     Accord- 
ing to  the  strength  of  acid  intended  to  be  made,  they  are  either  lefl 
empty  or  charged  with  a  little  water,  as  already  mentioned.     Some- 
times they  are  cooled  on  the  outside  with  water ;  but  generally  this 
is  not  the  case.    Each  of  them  is  provided  with  a  bottom  tap  for 
running  off  the  condensed  acid ;  that  from  the  first  two  receivers  is 
more  impure  than  that  of  the  others,  as  it  contains  a  little  sulphuric 
acid  and  iron  carried  over  from  the  retort.     The  acid  becomes 
weaker  the  further  the  receivers  are  from  the  retort.     Since  the 
receivers  now  and  then  crack  with  the  heat,  it  is  advisable  to  put 
them  on  stoneware  saucers  provided  with  a  spout,  for  collecting 
the  acid  running  out. 

The  cement  for  the  temporary  connexions  is  mostly  made  of  clay 
and  horsedung,  or  something  of  that  kind.  For  luting  the  arms  into 
the  receivers  &c.  the  following  cement  is  said  to  serve  very  well : — 
^  ounce  of  finely  powdered  brimstone  is  shaken  up  with  5  lb.  of 
hot  linseed  oil ;  1  lb.  of  cut-up  india-rubber  scrap  is  added,  and  the 
whole  boiled  with  constant  stirring  till  it  is  all  dissolved  or  con- 
verted into  a  homogeneous  mass.  After  coolings  the  mixture  is  mixed 
with  finely  ground  sulphate  of  barytes,  and  worked  up  in  an  iron 
mortar,  till  it  forms  a  tough  homogeneous  mass.  This  cement  both 
resists  the  acid  and  preserves  a  certain  degree  of  elasticity. 

Several  small  but  not  unimportant  improvements  have  latterly 
been  effected  in  the  apparatus  for  condensing  the  nitric  acid. 
Instead  of  allowing  the  acid  vapours  to  pass  directly  into  the  first 
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receiver,  which  even  with  the  best  ware 
often  leads  to  breakages,  owing  to  the  sudden 
change  o£  temperatnre,  especially  with  forced 
working,  latterly  the  vapours  are  previously 
cooled  in  different  ways.  Sometimes  stoue- 
ware  worms  cooled  by  water  are  employed, 
of  the  shape  of  fig.  10,  as  supplied  by  MeBsrs. 
Doulton  and  Watts,  of  Lambeth,  and  other 
firms;  they  are  very  efficient,  and  stand 
changes  of  temperature  very  well. 

A  cheaper  arrangement  of  Gobel's  (Dingl.  Joum.  ccxx.  p.  241) 
has  also  been  very  anccesaful.  This  is  a  straight  glass  tube,  bent 
at  each  end,  lying  in  cold  water;  for  each  ton  of  nitre  4^  tons  of 
cooling-water  are  required.  One  end  of  the  glass  tube  is  loosely 
connected  with  the  glass  tube  coming  out  of  the  retort ;  the  other 
end  enters  the  first  receiver.  With  the  aid  of  this  simple  apparatus 
the  quantity  of  nitre  decomposed  per  36  hours  can  be  raised  from 
5  cwt.  to  6  cwt.;  or  the  5  cwt.  can  be  decomposed  by  fractional 
distillation,  so  that  colourless  acid  is  obtained  in  the  first  operation ; 
this  is  done  by  means  of  a  two-way  cock.  Besides,  the  receivers 
can  be  diminished  by  two  thirds,  Irom  9  to  3,  as  most  of  the  acid 
is  already  condensed  in  the  glass  tube  and  collects  in  the  first 
receiver,  in  which  thus  an  extremely  concentrated  acid  can  be  ob- 
tained— for  instance,  in  the  first  receiver  nearly  3  cwt.  of  1'53  spec, 
grav.,  in  the  second  about  1  cwt.  of  1*49  spec,  grav.,  in  the  third 
acid  of  1'3S.  With  this  apparatus  no  receivers  are  ever  cracked, 
and  the  glass  tube  laats  six  months,  each  renewal  costing  about  5s. 
Giibel  states  the  usual  breakage  per  month  and  apparatus  as  5 
receivers,  or  60  receivers  per  annum  at  £1  each ;  but  many  works 
have  much  less  breakage.  Lastly,  according  to  Giibel,  the  old 
yield  from  100  parts  of  pure  sodium  nitrate  is  125'3  parts  nitric 
acid  of  ]'33  spec,  grav.,  but  with  his  apparatus  1321  parts,  equal 
to  4'75  per  cent,  increase.  On  the  other  hand,  the  cost  of  pumping 
the  cooling~water  must  not  be  forgotten. 

Much  simpler,  again,  but  not  quite  so  efficient  as  Gobel's  appa- 
ratus, is  the  interposition  of  glass  tubes  with  cooling  by  the  air 
onh/  between  the  retorts  and  the  receivers.  In  this  case  not  only 
the  cooling-water  is  saved,  but  it  is  possible  to  employ  the  tube  in 
several  pieces  of  a  somewhat  conical  shape,  loosely  put  together 
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(fig.  11);    only  the  whole  must  have  enough  fall  for  the  con- 
densed acid  not  to  stop  in  the  tubes  and  run  out  of  the  joints. 
With  a  length  of  from  10  to  13  feet  (the  longer  the  better) 
the  cooling  by  air  is  already  very  efficient.  ^g-  H* 

Further,  a  contrivance  is  frequently  met  with  for  de- 
priving the  gas  issuing  from  the  last  receiver  of  all  not 
condensed  nitrogen  oxides  before  they  enter  the  chimney. 
This  is  a  small  Gay-Lussac's  absorbing  tower  (compare 
Chapter  X.),  consisting  of  a  stack  of  stoneware  pipes  filled 
with  coke  and  continually  fed  with  sulphuric  acid  of  144° 
to  152°  Tw. ;  the  gas  enters  at  the  bottom  and  issues  at 
the  top,  and  thereby  gives  up  all  its  nitrous  and  hyponitric 
acids  to  the  vitriol,  which  arrives  at  the  bottom  as  a  more 
or  less  rich  ''  nitrous  vitriol,'^  and  can  be  employed  in  the 
manufacture  of  sulphuric  acid.  For  a  ton  of  nitre  from 
3i  to  4  cwt.  of  vitriol  are  required ;  and  nitrogen  acids 
corresponding  to  3  or  5  per  cent,  of  nitric  acid  of  1*33 
spec.  grav.  are  absorbed  by  the  same,  more  or  less,  accord- 
ing to  the  percentage  of  chlorides  in  the  nitre. 

For  such  manufactures  of  nitric  acid  as  are  not  in  con- 
nexion with  sulphuric-acid  works,  it  is  preferable  to  feed 
the  coke-tower  with  water.  If  care  is  taken  that  there  is 
always  an  excess  of  air  present,  not  merely  the  last  remnant 
of  nitric  acid  is  condensed,  but  the  hyponitric  acid  is 
likewise  converted  into  nitric  acid  and  thus  saved.  The 
same  reaction  is  already  used  in  several  other  cases  in  order 
to  reconvert  the  lower  nitrogen-acids,  previously  lost, 
into  nitric  acid.  But  this  does  not  act  as  thoroughly 
as  the  absorption  by  strong  vitriol;  a  little  hyponitric 
acid  &c.  is  always  lost ;  and  therefore  the  proposals  of  B. 
Wagner  (igniting  nitre  with  alumina),  Walz  (heating  nitre 
with  calcium  carbonate  and  steam  in  retorts),  Kuhlmann 
(heating  nitre  with  manganese  chloride,  manganese  dioxide, 
common  salt  and  nitrogen  tetroxide  being  formed),  and 
others  have  not  been  ultimately  successful. 

The  refimng  of  nitric  acid  consists  in  driving  off  the  lower 
oxides,  so  that  the  acid  is  got  colourless.  This  can  be  done  by  long 
heating  in  a  water-bath,  which  is  a  tedious  operation — much  more 
quickly  if  a  current  of  air  is  blown  through  the  gently  heated  acid ; 
the  air  along  with  the  gas  contained  in  it  is  conducted  through  a 
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small  coke-tower  fed  with  water^  where  dilute  nitric  acid  is  obtained . 
There  is,  however,  a  little  loss  in  that  operation.  This  refining  is, 
of  course,  unnecessary  for  nitric  acid  used  in  the  manufacture  of 
sulphuric  acid. 

The  following  is  a  table  of  the  percentage  of  nitric  acid  for  different 
specific  gravities,  according  to  Kolb  (Bull.  Soc.  Ind.  de  Mulhouse, 
1866,  p.  412)  :— 


Degrees 
(Baum^). 

Spec. 

100  parts  contain  at  0^  C. 

100  parts  contain  at  15*^  C. 

grayitj. 

NO3H. 

NA- 

NO3H. 

NA- 

0 

1-000 

OK) 

0-0 

0-2 

01 

1 

1-007 

1-1 

0-9 

1-5 

1-3 

2 

1014 

2-2 

1-9 

2-6 

2-2 

3 

1-022 

3-4 

2-9 

4-0 

3-4 

4 

1029 

4-5 

3-9 

5-1 

4-4 

5 

1036 

5-5 

4-7 

63 

5-4 

6 

1-044 

6-7 

5-7 

7-6 

6-5 

7 

1-052 

8-0 

6-9 

9-0 

77 

8 

1-060 

9-2 

7-9 

10-2 

87 

9 

1-067 

10-2 

8-7 

11-4 

98 

10 

1-075 

11-4 

9-8 

12-7 

10-9 

11 

1-083 

12-6 

10-8. 

14-0 

12-0 

12 

1091 

13-8 

11-8 

15-3 

13-1 

13 

1100 

15-2 

13-0 

16-8 

14-4 

14 

1108 

16-4 

14-0 

18-0 

15-4 

15 

1116 

17-6 

151 

19-4 

16-6 

16 

1125 

18-9 

16-2 

20-8 

17-8 

17 

1134 

20-2 

17-3 

22-2 

19-0 

18 

1143 

21-6 

185 

23-6 

20-2 

19 

1-152 

22-9 

196 

249 

213 

20 

1161 

24-2 

20-7 

26-3 

22-5 

21 

1171 

25-7 

22-0 

27-8 

23-8 

22 

1180 

27*0 

23-1 

29-2 

25-0 

23 

1190 

28-5 

244 

307 

26-3 

24 

1199 

29-8 

25-5 

321 

27-5 

25 

1-210 

31-4 

26-9 

33-8 

28-9 

26 

1-221 

331 

28-4 

35-5 

30-4 

27 

1-231 

34-6 

297 

370 

317 

28 

1-242 

36-2 

31-0 

38-6 

331 

29 

1-252 

377 

323 

40-2 

34-5 

30 

1-261 

391 

335 

41-5 

35-6 

31 

1-275 

411 

352 

43-5 

37-3 

32 

1-286 

42-6 

365 

45-0 

38-6 

33 

1-298 

44-4 

38-0 

471 

40-4 

34 

1-309 

46-1 

395 

48-6 

417 

35 

1-321 

48-0 

41-1 

507 

435 

36 

1-334 

500 

42-9 

529 

453 

37 

1-346 

51-9 

44-5 

550 

47-1 

38 

1-359 

54-0 

46-3 

57-3 

491 

39 

1-372 

56-2 

48-2 

59-6 

511 

40 

1-384 

58-4 

50-0 

617 

52-9 
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Table  (continued). 


Degrees 
(Baum6). 

Spec, 
gravity. 

100  parts  contain  at  (f  C. 

100  parts  contain  at  15*^  0. 

NO3H. 

NA- 

NO3H. 

N,0,. 

41 

1*398 

60-8 

521 

64-6 

55-3 

42 

1-412 

632 

54-2 

67-5 

57-9 

43 

1-426 

66-2 

56-7 

70-6 

60-6 

44 

1-440 

690 

591 

74-4 

63-8 

45 

1-454 

72-2 

61-9 

78-4 

67-2 

46 

1-470 

76-1 

65-2 

83-0 

71-1 

47 

1-485 

80-2 

68-7 

87-1 

74-7 

48 

1-501 

845 

72-4 

92-6 

79-4 

49 

1516 

88-4 

75-8 

96-0 

82-3 

49-6 

1-524 

i;o-5 

77-6 

980 

84-0 

49-9 

1-630 

922 

790 

1000 

85-71 

50-0 

1-532 

927 

79-5 

50-6 

1-541 

950 

81-4 

51-0 

1-549 

973 

83-4 

61-6 

1-559 

1000 

85-71 

The  following  Table,  showing  the  increase  of  the  specific  gravity 
of  nitric  acid  on  cooling  down  to  15^  C.^  has  been  published  by  Grobel 
(Dingl.  Joum.  ccxx.  p.  244)  : — 


Tempe- 

Increase 

Tempe- 

Increase 

Tempe- 

Increase 

rature 

on  cooling 

rature 

on  cooling 

rature 

on  cooling 

C. 

to  15<»  C. 

C. 

to  15°  C. 

C. 

to  15°  C. 

0 

"^  Baum6. 

; 
1 

0 

°  Baum6. 

0 

°  Bavani. 

450 

3-65 

35-0 

210 

25-0 

0-90 

44-6 

3-56 

34-5 

1-98 

24-6 

0-80 

440 

3-48 

34-0 

1-92 

24-0 

0^6 

43-6 

3-40 

33-5 

1-85 

23-5 

0-72 

43-0 

3-32 

i      33-0 

1-79 

230 

0-67 

42-5 

323 

32-5 

1-73 

22-6 

063 

42-0 

315 

1      320 

1-67 

22-0 

0-59 

41-6 

3-08 

31-5 

1-62 

21-6 

0-56 

410 

3-00 

'      31-0 

1-56 

210 

052 

40-5 

292 

30-6 

1-50 

20-6 

0-48 

40-0 

285 

300 

1-45 

200 

0-46 

896 

273 

29-5 

1-34 

19-5 

036 

39-0 

265 

i      290 

129 

190 

0-33 

38-5 

2-58 

28-5 

1-23 

;      18-5 

0-29 

380 

250 

280 

1-18 

180 

0-25 

87-6 

2-43 

27-5 

1-13 

17-5 

0-20 

37-0 

2-36 

270 

1-08 

170 

0-13 

36-5 

2-29 

1      26-5 

1-03 

16-5 

007 

36-0 

2-23 

26-0 

099 

16-0 

0-06 

856 

216 

255 

094 

15-6 

0-02 

Apart  from  the  nitric  acid  made  specially  for  this  purpose,  lat- 
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terly  vitriol-manufacturers  have  also  used  largely  the  mixture  of 
nitric  acid  with  much  strong  sulphuric  acid  which  is  obtained  in 
aniline-works  in  the  manufacture  of  nitrobenzine,  in  dynamite 
works  in  the  manufacture  of  nitroglycerine,  and  in  other  analogous 
cases.  Only^  as  a  matter  of  course^  especially  in  the  case  of  acid 
from  nitroglycerine^  all  drops  of  oil  must  be  rigidly  kept  away. 
These  acids  may  be  used  in  the  Glover  tower  or  in  the  steam- 
columns  (Chapter  X.). 
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CHAPTER  V. 

THE  PRODUCTION  OF  SULPHUROUS  ACID  FROM 

BRIMSTONE. 

Already  in  the  historical  part  attention  has  been  drawn  to  the 
point  that  important  progress  was  made  in  the  manufacture  of 
sulphuric  acid  when  the  periodical  combustion  of  sulphur  within 
the  acid-chambers  was  replaced  by  continuous  vfOT\i  in  special  appa- 
ratus attached  to  the  chambers.  This  led  to  making  the  sulphur- 
burners  altogether  independent  of  tl^e  chambers^  and  conveying  the 
gas  generated  in  the  former  by  a  flue  into  the  latter. 

Whilst  in  the  old  periodical  style  of  working  only  the  oxygen 
actually  present  in  the  chamber  could  come  into  play,  and  there- 
fore after  every  combustion  the  chamber  had  to  be  supplied  with 
fresh  air  by  opening  the  door  and  a  special  valve,  of  course  at  the 
expense  of  much  inconvenience  and  loss  of  gas,  in  the  continuous 
style  of  work  the  necessary  air  constantly  enters  the  burner  by 
suitable  openings  at  the  same  rate  as  the  products  of  combustion 
are  aspirated  into  the  chamber  by  the  draught  prevailing  through- 
out the  apparatus.  The  continuity  of  work  must  be  further 
aided  by  employing  a  combination  of  several  burners,  so  that  there 
shall  always  be  burning  sulphur  present.  There  are  also  burners 
to  which  the  brimstone  is  continuously  supplied,  in  order  to  avoid 
the  drawback  of  irregular  supply  of  air  and  gas  occurring  even  with 
the  combination  of  several  ordinary  burners. 

The  plainest  sulphur-burners,  such  as  were  the  most  usual  in 
England,  are  represented  in  figs.  12  to  14. 

The  burner  consists  of  a  brick  chamber  covered  by  an  arch, 
whose  bottom  is  formed  by  a  cast-iron  plate,  a,  separately  shown 
in  fig.  14.  This  plate  at  the  two  long  sides  and  one  of  the  ends 
has  a  somewhat  slanting- up  flange  of  3  inches  height — in  front, 
however,  only  1  inch,  so  as  to  get  out  the  ashes  more  easily.     It 
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does  not  go  right  througli  the  burner,  but  leaves  the  last  third  of 
it  free,  in  order  to  give  an  opportunity  to  the  sulphur  vapour,  vhich 
is  always  formed,  of  mixing  with  the  excess  of  air  and  burning ; 
rarely,  hoverer,  this  is  completely  performed,  so  as  to  entirely 
do  away  with  any  sublimation  of  sulphur.  This  not  only  causes  a 
loss  of  sulphur,  but  also  easily  leads  to  the  chambei-acid  getting 
muddy  and  being  covered  by  a  thin  membrane  which  prevents  the 
contact  between  the  bottom  acid  and  the  gas,  very  necessary  for 
the  chamber  process.    The  burner  is  further  provided  with  an  iron 
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door^  b,  aliding  in  a  frame  and  adjustable  by  a  chain  and  balance- 
weight ;  also  with  a  pipe^  c,  for  taking  away  the  gas.  An  air- 
channel,  d,  below  the  plate  is  in  connexion  with  a  small  chimney, 
or  sometimes  only  with  the  open  air,  in  order  to  cool  the  metal 
plate  to  some  extent  and  prevent  the  sublimation  of  sulphur. 
There  are  always  several  furnaces  of  this  kind  combined  together ; 
each  of  them,  with  plates  of  8  feet  x  4  feet,  can  bum  5  cwt.  of 
brimstone  in  24  hours,  which  is  put  in  in  6  portions,  one  every  4 
hours ;  if  four  furnaces  are  combined,  one  of  them  is  charged  every 
hour.  In  these  burners  usually  at  the  same  time  the  nitric  acid  is 
tiberated  by  placing  cast-iron  pots,  provided  with  3  feet  and  con- 
taining a  mixture  of  nitre  and  vitriol,  amidst  the  burning  sulphur 
by  means  of  large  tongs. 

For  a  start  the  plates  are  heated  by  a  small  fire  of  wood  shavings, 
the  door  being  left  open,  not  till  the  iron  becomes  red  hot,  but 
only  till  the  first  charge  of  sulphur  ignites  of  its  own  accord  or 
can  be  easily  lighted  by  a  red-hot  iron;  the  further  charges  always 
find  the  burner  sufSciently  warm.  A  special  fire-grate  below  the 
plate,  to  be  used  only  at  the  start,  is  quite  unnecessary.  The  ad- 
mission of  air  is  regulated  by  opening  the  door,  b,  more  or  less 
widely ;  and  its  position  is  fixed  by  putting  a  wedge  underneath  the 
door,  or  by  hooking  the  balance-chain  to  a  nail  driven  into  the 
brickwork  outside.  In  the  beginning,  when  the  chambers  are  filled 
with  air,  the  damper  in  the  di^ught-tube  is  only  opened  gradually, 
to  chase  the  air  away  more  thoroughly. 

The  style  of  working  is  generally  rather  rough ;  it  must  be  con- 
sidered that  snch  burners  are  now-a-dayshardlyfound  in  large  works, 
where  more  supervision  can  take  place.  Before  the  attendant  pulls 
up  the  door,  he  convinces  himself  ef  the  state  of  the  chambers  so 
as  to  judge  how  much  nitre  he  is  to  ^^  pot  '^  along  with  the  brim- 
stone. Often  the  nitre  is  merely  measured  by  guesswork.  First 
the  brimstone  is  thrown  in ;  the  door  is  immediately  let  down,  then 
a  sufficient  quantity  of  chamber-acid  is  poured  into  the  nitre-pots, 
always  by  guesswork ;  the  door  is  opened  again,  and  the  pots  are 
plac^  among  the  brimstone,  now  already  on  fire,  by  means  of  an 
iron  fork  made  for  the  purpose.  The  heat  produced  by  the  pro- 
gress of  the  combustion  drives  off  the  nitric  acid,  and  this  enters 
the  chambers  along  with  the  sulphurous  acid. 

When  the  time  is  up,  the  door  is  raised  again,  and  the  ashes  are 
raked  out ;  first,  however,  the  nitre-pots  are  lifted  out  and  emptied 
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of  tbeir  liquid  contents.  Then  a  new  charge  is  made  as  ahove, 
and  so  forth.  In  all  other  auIphur-burnerB,  excepting  the  conti- 
nuous ones,  the  work  is  carried  on  in  the  same  way;  only  the 
introduction  of  the  nitre  sometimes  takes  place  in  a  less  rough 
way,  or  nitric  acid  is  used  directly  in  the  chambers. 

It  is  a  sign  that  the  burner  is  working  well  if  the  brimstone 
bums  with  a  pure  blue  Same ;  as  soon  as  the  flame  takes  a  brown 
tinge,  it  is  a  sign  that  much  sulphur  is  subliming,  and  care  must 
then  be  taken  to  cool  the  plate  by  the  flue  underneath. 

A  somewhat  more  perfect  apparatus  is  shown  in  fig.  15.     A  is 

Fig.  Ifi. 


the  foundation,  B  the  chamber  for  burning  the  sulphur,  C  the  gas- 
pipe.  The  foundation  carries  a  cast-iron  plate  which  covers  the 
whole  fiimace-bottom,  and  is  inclined  a  little  forward.  The 
combustion-chambers  are  at  the  aides  bounded  by  brick  walls, 
but  in  front,  at  the  back,  and  at  the  top  by  cast-iron  plates; 
in  front  also  are  the  charging-doors,  b  b,  and  small  openings, 
a  a,  provided  with  slides  for  regulating  the  access  of  air.  The 
furnace-bottom  is  divided  by  3-  or  4-inch  iron  bars  into  three  com- 
partments, corresponding  to  the  doors  and  draught-holes,  which  are 
•erved  by  turns.  Inside  the  pots  are  visible,  into  which  the  mixture 
ofnitre  and  vitriol  is  charged.  The  details  of  construction  arc  often 
very  different  from  those  shown  in  the  diagram ;  there  are  burners 
with  more  or  fewer  working  compartments,  with  different  regulation 
of  air,  with  rails  over  the  bottom  plates  for  pushing  in  a  box  instead 
of  the  nitre-pots,  &c.     The  nitre-pots  must  receive  a  very  small 
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chai^;  otherwise  the  danger  of  boiling  over  is  considerable, 
ukd  the  sodium  sulphate  among  the  brimstone  is  very  trouble- 
some. When  nitric  acid  is  used,  the  nitre-pota  are  not  wanted 
at  all. 

Sometimes  the  iron  sides  of  the  sulphur-burners  have  been  made 
double,  and  an  air^channel  has  been  left  in  the  space  between; 
thus,  of  course,  the  temperature  of  the  burner  could  be  regulated 
to  a  nicety  by  opeoing  up  a  draught  through  the  double  iron  wall 
when  the  burner  got  too  hot,  and  shutting  up  the  draught  when 
it  got  too  cold ;  but  such  iron  burners  are  very  soon  worn  out,  and 
they  hare  therefore  frequently  been  given  up  again. 

The  diagrams  figs.  16  to  19  show  a  set  of  two  burners  free  &om 
most  of  the  drawbacks  mentioned.  Fig.  19  is  a  sectional  plan 
taken  at  two  different  levels;  fig.  18  a  longitudinal  section ;  fig.  16 
half  front  elevation,  half  cross  section ;  fig.  17  back  elevation. 


Fig.  16, 


Fig.  17. 


_!_ 
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_JM. 


a  is  the  cast-iron  bottom  plate  for  burning  the  sulphur;  it  is 
carried  hollow  on  pillars ;  and  the  channels  &  b  formed  thereby 
nDdemeath  the  plate  communicate  with  the  outer  air  by  the  open- 
ing c,  so  that  the  plate  can  be  cooled  from  below.  The  channels, 
dd,  left  in  the  foundation  a  little  further  below,  communicate  with 
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this  system,  and  ultimately  end  outside  at  (f.  Owing  to  the  differ- 
ence of  level  and  temperature,  the  air  must  always  enter  at  d'  and 
get  out  at  c  \  its  quantity  can  be  easily  regulated  by  partially 
closing  c.  The  door,  e,  is  hung  in  the  usual  way.  The  gaa  of  the 
burner  does  not  go  straight  to  the  chamber,  but  first  ascends 
tbrongh  the  opening  /  into  a  space  separated  from  the  burner 


Fig.  18. 
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proper  by  an  arch.  Just  above  the  opening  there  is  a  gratings  on 
which  the  nitre-pots  are  put,  being  introduced  by  the  door  g. 
There  is  here  a  small  hole.  A,  lined  with  an  iron  tube,  for  admit- 
ting a  little  more  air  to  the  upper  compartment  and  burning 
any  sublimed  sulphur.  The  gas  first  returns  to  the  front,  then 
back  again  through  the  hole  f  and  the  second  half  of  the  upper 
compartment,  and  at  last  escapes  through  the  cast-iron  pipe  A:, 
common  to  two  burners,  whose  upper  stories  are  accordingly  not 
built  identically,  but  symmetrically. 

This  burner  (known  to  the  author  from  actual  use)  admits 
of  very  good  regulation ;  the  sublimed  sulphur  on  its  long  way 
through  the  upper  story  is  either  deposited  as  such  or  burnt,  and 
cannot  get  into  the  chambers.  The  boiling-over  of  the  nitre-pots 
can  here  be  made  harmless  by  simple  contrivances.  This  burner  is 
in  some  points  analogous  to  that  of  Harrison  Blair  (see  below),  but 
it  is  much  simpler  and  adapted  for  a  smaller  scale  of  work.  As  a 
rule  the  working  doors  used  to  be  closed  within  a  very  small  frac- 
tion, and  the  admission  of  air  to  the  upper  story  regulated  by  more 
or  less  closing  the  hole  b.  Four  such  furnaces  worked  together ; 
every  half-hour  one  of  them  was  charged  with  \  cwt.  of  brim- 
stone. 

In  order  to  avoid  the  drawback  common  to  all  sulphur-burners, 
viz.  the  high  temperature  causing  a  sublimation  of  sulphur  (which 
some  have  tried  to  avoid  by  wetting  the  brimstone  with  water),  and 
in  order  even  to  turn  it  to  use,  the  cover  of  the  sulphur-burner  is 
sometimes  employed  for  drying  wet  materials ;  sometimes  it  has 
been  made  in  the  shape  of  a  pan  for  heating  water.  In  a  few 
places  a  further  step  has  been  taken  by  giving  to  the  burner  a  cover 
consisting  of  a  peculiarly  shaped  cast-iron  steam-boiler,  as  shown  in 
fig.  20.  The  vapours  of  SO^  generated  in  the  plate  a  first  heat  the 
bottom  of  the  boiler  and  then  circulate  round  its  sides  by  the  flues 
c  c ;  at  last  they  go  into  the  pipe  leading  to  the  chambers.  In  this 
way  a  good  deal  of  fiiel  is  said  to  have  been  saved ;  and  the  boilers 
are  said  to  have  suffered  so  little  that  at  Kuhlmann's  works  they 
only  required  turning  their  back  end  foremost  after  the  lapse 
of  seven  years.  This  is  not  in  opposition  to  the  above-mentioned 
fSfict  that  the  iron  walls  of  the  furnace  do  not  stand  well,  because 
the  steam-boiler  could  neither  be  overheated  nor  was  it  in  contact 
with  the  outer  air.     In  spite  of  this  the  above  arrangement  has 
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Fig.W. 


been  given  up  again  ererywltere,  probably  because  the  generation 
of  steam  was  too  slow,  and  could  not  be  depended  upon  for  that 
regularity  wbich  is  of  paramount  necessity  in  the  manufacture  of 
■ulphuric  acid. 

Another  arrangement,  made  by  Kuhlmann  later  on,  is  said  to 
hare  been  more  effective.  He  built  for  each  set  of  chambers  a 
furnace  with  four  cast-iron  Q  -shaped  retorts  of  the  same  kind  as 
is  asual  iu  gas  works.  The  retorts  have  at  the  front  end  openings 
for  chai^ng  the  sulphur  and  for  the  draught,  at  the  back  end 
pipes  for  taking  away  the  gas.  The  brimstone  bums  on  the  flat 
bottom ;  the  gases  are  carried  away  from  the  back  end  by  long 
pipes  to  a  wide  common  antechamber.  On  this  long  journey 
and  in  the  chamber,  where  it  traveb  slowly,  the  gas  has  suffi- 
cient time  for  cooling  and  for  allowing  the  sublimed  sulphur  to 
subside. 

All  the  sulphur-burners  hitherto  described  are  built  on  the  inter- 
mittent plan ;  and  unless  a  number  of  them  were  working  together, 
they  would  yield  a  very  unequal  current  of  gas.  As  the  brimstone, 
of  course,  must  be  allowed  to  bum  off  as  completely  as  possible, 
the  furnace  in  the  later  stage,  and  especially  just  before  being 
recharged,  yields  very  little  sulphurous  acid,  whilst  it  is  not  possible 
to  regulate  the  draught  so  that  exactly  so  much  less  air  is  intro- 
duced as  less  sulphur  is  burnt.  "When  at  last  the  door  is  opened 
for  a  new  charge,  a  very  large  amount  of  air  rushes  into  the  burner 
and  further  on  to  the  chambers,  without  any  sulphurous  acid  what- 
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Boerer.  This  irregularity,  very  prejudicial  to  the  chamber  process, 
is  certainly  to  a  great  extent  neutralized  by  the  fact  that  always 
serer&l  furnaces  {three,  four,  five,  or  more)  work  together  iu  such  a 
vay  that  they  are  chained  by  turns ;  for  instance,  with  a  four  hours' 
shift  and  four  furnaces  one  furnace  is  chained  each  hour,  and  thus 
gives  out  least  gas  when  its  neighbours  are  fully  burning.  It  has, 
however,  been  several  times  attempted  to  construct  really  continttoua 
burners,  which  would  save  much  labour,  and,  moreover,  give  a  much 
better-regulated  current  of  gas  than  can  be  given  with  single 
burners. 

Pelrie's  burner,  patented  Nov.  1st,  1852,  is  intended  to  permit  a 
totally  equal  combustion  of  the  sulphur  independently  of  the 
draught,  to  facilitate  the  removal  of  the  aahes,  and  to  avoid  the 
escape  of  sulphurous  acid  or  else  the  entrance  of  an  excess  of  air 
during  the  charge  of  fresh  brimstone      The  furnace,  a  (fig.  21],  is 

Fig  21. 


open  at  the  back  end,  but  provided  with  an  inchned  grating,  b, 
whose  horizontal  bars  do  not  allow  any  sohd  pieces  of  brimstone  to 
&11  through,  whilst  the  melted  sulphur  can  run  tbiough.  The 
brimstone  lies  behind  the  grating ,  m  front  of  it  there  is  a  screen, 
d,  for  protecting  it  from  being  overheated ,  the  slide,  e,  serves 
for  regulating  the  running  off  of  the  melted  sulphur,  and  for  unin- 
terruptedly admitting  juat  as  much  as  is  wanted  for  producing  sul- 
phurous acid.  The  burning  takes  place  ou  a  plate,  g,  inclined  a 
little  towards  the  door,  k ;  the  latter  serves  for  occasionally  removing 
the  ashes,  and  at  the  same  time  contains  an  adjustable  opening  for 
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admittiiig  air  into  the  bamer.  .  An  air-channel  helow  the  pan  g  acts 
in  this  way,  that  the  air  entering  at  one  end  cooU  it  at  the  end  where 
the  comhiution  principally  takes  place,  and  then,  as  heated  air, 
warm*  the  lower  end  of  the  pan,  next  to  the  door,  which  contributes 
to  fnlly  burning  the  sulphur  flowing  that  way.  This  furnace  has 
not  been  successfal,  as  the  feeding  with  melted  sulphur  is  not  very 
regular,  the  sulphur  easily  gets  into  a  tongh  state  by  overheating 
and  does  not  at  all  mn  then,  and  the  door  A  most  be  opened  after 
all  for  the  remoTal  of  the  sulphur. 

Petrie  had  also  constmcted  another  furnace  (fig.  32}  for  burning 

Fig.  SS. 


the  sulphur  in  the  earthy  residaes  or  in  similar  mixtnres.  It  con- 
sists of  a  cast-iron  shaft  and  a  brick  jacket.  The  mass  is  introduced 
by  the  fiumel  m,  whose  cover  n  has  a  sand-lute,  o ;  the  formed 
snlphnroos  acid  goes  away  by  p.  The  previously  heated  air  arrives 
through  a,  travels  round  the  furnace  in  the  chanuel  r,  and  then 
eutera  into  the  furnace  through  the  holes  q.  The  whole  furnace  is 
open  at  the  bottom  and  stands  on  feet,  so  that  the  bumt-off  mass 
forms  the  heap  x  x,  which  is  removed  from  time  to  time ;  here 
farther  air  enters  the  furnace. 

The  object  pursued  by  Petrie  is  attained  in  a  more  perfect  way 
by  the  furnace  of  Hmrriaon  Blair,  in  which  the  volatilisation  of  the 
sulphur,  which  otherwise  is  a  source  of  inconveuieuce,  is  made 
use  of  for  making  the  burning  continuous.  The  apparatus  consists 
of  three  parts,  one  of  which  serves  for  partly  bnrning  the  sulphur 
and  entirely  volatilizing  the  unbumt  portion ;  the  second  serves  for 
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(sompletely  burning  the  latter  portion,  the  third  for  decomposing 
the  nitre.  Although  both  the  former  compartments  are  at  a  full 
red  heat  during  the  process,  sublimation  of  sulphur  ia  as  good  as 
impoBsible;  and  the  process  is  as  nearly  continuous  as  possible, 
■ince  the  residue  need  only  be  withdrawn  once  in  34  hoars. 
Fig.  23  shows  a  plan,  fig.  24  a  sectional  elevation,  of  this  bnmer. 


Kg.  23. 
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A  IS  the  space  corresponding  to  an  ordinary  bumer-plate,  which 
has  rather  high  sides  and  a  descent  towards  the  door  j  bnt  2  feet 
from  the  door  it  rises  again  a  little,  so  that  the  residue  raked  to 
that  part  can  bum  out  completely  before  it  is  removed  by  the 
door  B,  which  takes  place  once  in  24  hours.  When  this  has  been 
done,  the  residue  raked  together  from  the  other  parts  of  the  burner 
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is  brought  to  the  same  place  and  allowed  to  bum  for  24  hours 
again.  The  bottom  of  the  burner  is  not  made  of  iron,  but  of 
closely-set  bricks  with  well-grouted  joints.  This  space  A  is  9  feet 
long,  6  feet  wide,  and  1  foot  high.  The  door  B  is  an  iron  plate, 
loosely  sliding  in  a  frame,  but  a  little  slanting  so  that  it  closes 
almost  air-tight,  and  is  easily  removed.  It  is  perforated  by  a 
number  of  holes,  which  can  be  either  partly  or  entirely  closed  by  a 
slide.  The  brimstone  is  either  put  in  once  for  24  hours  through 
the  working-door,  or  gradually  through  a  funnel  C ;  C  is  continued 
by  a  7-inch  cast-iron  pipe  to  within  6  inches  from  the  bottom  of  the 
chamber ;  it  is  surrounded  by  a  wider  pipe  to  protect  it  against 
being  burnt  too  quickly.  The  funnel  and  its  continuation  are 
always  filled  with  brimstone ;  and  this  is  always  replaced  again  as 
it  melts  off  at  the  bottom.  The  simpler  kind  of  charging  once 
every  24  hours  through  the  door  seems  after  all  to  have  suc- 
ceeded better.  The  admission  of  air  through  B  is  regulated  so 
that  only  sufficient  sulphur  is  burnt  for  keeping  up  the  heat  of  the 
furnace ;  the  largest  part  is  simply  evaporated.  At  the  same  time 
the  regulation  of  the  access  of  air  allows  of  spreading  the  process 
evenly  over  the  whole  day.  The  walls  of  the  furnace  are  made  1^ 
brick  strong,  in  order  to  keep  the  heat  together.  The  mixed  gas 
and  vapour  enters  through  an  opening  of  9  x  9  inches  (which  can 
be  closed  by  a  fire-clay  damper  D)  into  the  combustion-space 
proper,  E  E,  8  x  6  feet,  divided  by  three  partitions  into  four  com- 
partments, communicating  alternately  in  front  and  back  by  open- 
ings 9  inches  square.  Here  at  the  same  time  fresh  air  enters 
by  the  opening  F,  which  is  provided  with  a  damper  of  3  x  8  inches. 
Now  sufficient  air  is  admitted  for  burning  all  the  sulphur,  which 
can  be  recognized  with  certainty  by  the  fact  that  on  opening  the 
plug  G  the  entering  air  does  not  produce  a  new  flame.  The 
roof  of  the  combustion-space,  E,  is  formed  by  fire-tiles,  above  which 
a  second  story,  the  nitre-oven,  is  situated.  There  are  three  rows  of 
nitre-pots,  N,  separated  by  reticulated  brickwork,  which  also  serves 
to  support  another  roof  of  fire-tiles  for  covering  the  nitre-oven,  alto- 
gether 18  inches  high.  The  diagram  shows  how  the  hot  gas  must 
circulate  round  the  nitre-pots.  The  pots  are  renewed  every  six 
hours,  so  that  every  two  hours  another  row  of  pots  has  its  turn.  The 
hot  gas,  mixed  with  the  nitre-gas,  first  passes  underneath  the  cast- 
iron  dome,  H,  for  a  partial  cooling,  then  through  an  iron  pipe,  I,  24 
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feet  high^  into  a  small  cooling-chamber  of  18  feet  lengthy  5  feet 
-widths  and  1^  foot  height  (whose  bottom  and  top  are  covered  with 
water),  and  then  into  the  lead  chambers.  Later  on,  steam  has 
been  admitted  into  the  combustion-furnace,  which  is  said  to  hasten 
the  formation  of  sulphuric  acid.  With  a  furnace  of  the  dimensions 
stated,  26  tons  of  brimstone  per  week  are  said  to  have  been  burnt  in 
a  perfectly  satisfactory  way,  corresponding  to  the  work  of  15  ordi- 
nary burners ;  by  cutting  off  part  of  the  air  it  was  possible  to  reduce 
the  sulphur  burnt  to  5  or  6  tons  per  week.  For  an  equal  chamber- 
space  much  more  sulphur  can  be  burnt  than  with  ordinary  burners 
without  any  damage  to  the  process,  owing  to  the  even  work  and 
the  avoiding  of  any  excess  of  air.  Indeed  Blair's  burner  is  much 
commended,  and  probably  would  have  been  employed  much  more 
largely,  but  that  soon  after  its  invention  most  large  works  (and 
only  such  can  do  with  it)  have  passed  over  from  brimstone  to 
pyrites. 

The  following  analysis  of  the  residue  from  the  sulphur-burners 
has  been  made  by  Richardson  (Richardson  and  Watts,  '  Chemical 
Technology,'  vol.  i.  pt.  v.  p.  198) : — 

Sodium  sulphate* 13*77 

Calcium  sulphate  t    28*49 

Calcium  silicatef 15*91 

Sodium  silicate 1*10 

Ferric  oxide  and  alumina 2*80 

Water  and  sulphuric  acid*  ...  13*05 

Insoluble    24*29 


99*41 


A  special  cooling  of  the  gas  from  sulphur-burners  is,  as  a  rule, 
not  only  unnecessary,  but  even  injurious ;  so  that,  for  instance,  in 
the  furnace  shown  in  fig.  18  the  vertical  metal  pipe  conveying  the 
gas  to  the  chamber  had  to  be  protected  against  cooling  by  a  brick 
jacket.  Even  where  no  cooling  takes  place  by  water-pans,  steam- 
boilers,  &c.,  the  gas  gets  into  the  draught-pipe  at  only  about  100° 
or  120°  C.  temperature,  which  is  just  sufficient  not  to  allow  the 

*  The  sodium  sulphate  and  the  free  sulphuric  acid  (or  rather  the  acid  sulphate) 
evidently  come  from  the  nitre-pots  boiling  over, 
t  The  lime  no  doubt  partly  comes  from  the  brickwork  of  the  furnace. 

L 
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nitric  acid  to  condense  before  it  gets  into  the  chambers,  a  con- 
tingency decidedly  to  be  avoided.  Where  water-tanks,  steam- 
boilers,  &c.  are  used,  the  temperature  of  the  gas  is  said  to  come 
down  as  low  as  40°  C. ;  in  this  case  only  liquid  nitric  acid  can  be 
used  for  the  chambers.  In  Blair's  continuous  burner  the  tempe- 
rature certainly  rises  much  higher ;  and  in  this  case  a  cooling- 
arrangement,  such  as  that  described,  must  be  resorted  to. 
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CHAPTER  VI. 

THE  PRODUCTION  OF  SULPHUROUS  ACID  FROM  PYRITES, 

The  pyrites^  as  it  comes  into  the  market^  is  always  sufficiently 
pure  to  make  a  separation  from  gangue  unnecessary.  This  is  only 
required  for  pyrites  picked  from  coals  (^^  coal-brasses '') ;  but  this 
does  not  exactly  concern  us  here,  as  it  is  only  a  locally-used 
by-product. 

It  is,  however,  always  necessary  to  break  up  the  larger  lumps  in 
order  to  bum  the  pyrites  completely ;  and  this  is  always  done  at  the 
works  themselves — except  in  a  few  cases,  where  they  buy  smalls 
direct  from  the  mines.  The  majority  of  the  factories  break  the  ore 
by  hand ;  and  it  is  found  that  different  descriptions  of  ore  behave 
very  differently  in  that  respect.  The  Norwegian  ore  is  the  hardest ; 
here  the  large  lumps  have  to  be  broken  with  great  labour  by 
means  of  20-lb.  fore-hammers.  The  Westphalian  ore  is  much 
more  easily  broken — still  more  easily  the  Spanish  and  Portuguese 
and  some  of  the  French  ores ;  these,  however,  make  a  good  deal 
more  smalls,  10  per  cent,  and  more.  The  softest  ore  is  that  of 
Chessy,  consisting  of  loosely  aggregated  individual  crystals,  which 
by  a  blow  of  the  hammer  fall  to  powder.  Some  of  the  Spanish 
ores  are  equaUy  roughly  crystallized ;  these  ores  are  very  trouble- 
some for  use  as  lumps. 

In  England  the  ore  is  generally  broken  so  that  all  the  pieces 
pass  through  a  sieve  with  8-inch  holes.  At  Oker  only  pieces  of 
1 J  inch  side  are  allowed  for  ordinary  burners,  and  of  2^  inches  for 
deep  kilns.  On  the  other  hand,  as  few  smalls  as  possible  are 
made.  The  broken  ore  must  be  sifted  again  to  separate  the  smalls, 
for  which  purpose  some  works  pass  it  through  a  half-inch,  others 
through  a  quarter-inch  riddle.  What  remains  on  the  riddle  is 
lumps ;  what  passes  through,  smalls  or  dust.    Both  of  them  have  to 

l2 


148  SULPHURIC  ACID. 

be  treated  separately.  It  is  very  important  that  the  ore  be  used 
neither  in  too  large  nor  in  too  small  pieces.  In  the  former  case  it 
does  not  bum  right  through ;  there  remain  green  cores  in  the  in- 
terior of  the  cinders,  which  can  be  seen  on  breaking  them  up. 
These  large  lumps  also  get  too  hot  on  burning,  and  may  cause  the 
formation  of  slags  (scars)  by  production  of  FcS,  as  will  be  explained 
hereafter.  If,  on  the  other  hand,  the  pieces  are  too  small,  they 
too  much  prevent  the  access  of  air,  and  similar  results  follow 
from  it  as  in  the  former  case. 

Sometimes  three  sizes  are  made — lumps,  peas,  and  dust, — but 
mostly  only  where  there  is  a  special  burner  for  the  "  peas.'^ 

Owing  to  the  great  manual  labour  required  for  the  breaking  of 
pyrites,  the  same  mechanical  stone-breakers  have  been  introduced 
for  this  purpose  which  originally  were  made  for  road-metal.  The 
best  of  these  machines  is  that  of  Blake,  built  by  Messrs.  Marsden 
of  Leeds,  which  is  shown  in  figs.  25  &  26.  This  machine  is  made 
of  various  sizes,  and  accordingly  varies  in  the  amount  of  work  turned 
out  and  in  the  size  of  stones  it  can  attack.  A  and  B  are  the  two 
active  parts,  the  ''jaws.''  A  is  fast  and  perpendicular,  B  movable, 
and  makes  with  A  an  angle  of  72°,  by  oscillating  a  little  round  the 
fixed  shaft,  D.  This  movement  is  communicated  to  the  jaw  B  from 
the  main  shaft,  H,  by  means  of  the  angle-lever,  E  E',  and  the  crank 
motion,  G  H,  so  that  the  angle- lever  presses  the  jaw  B  against  the 
stones  charged,  the  return  motion  of  B  being  caused  by  a  spring, 
P,  cased  in  india-rubber.  The  angle-lever  is  adjustable  by  the 
wedge,  N,  lying  behind  its  arm  E'.  The  roller,  C,  causes  a  regu- 
lar throwing-out  of  the  broken  stones ;  it  receives  its  motion  by  a 
belt  from  the  main  shaft,  by  means  of  the  pulleys,  K,  L,  and  the 
expanding  roller,  M.  The  crank-shaft,  H,  is  also  driven  by  a  belt 
from  the  fast  and  loose  pulleys,  1 1'.  The  machine  is  mounted  on 
a  four-wheeled  bogie.  It  makes  a  great  deal  of  noise,  and  needs 
frequerit  repairs;  but  the  jaws,  which  principally  sufier,  are  so 
arranged  as  to  be  easily  replaced. 

Blake's  engine  has  been  improved  by  Broadbent  &  Son,  of  Staley- 
bridge,  who  have  replaced  the  spring  bedded  in  india-rubber  by  a 
simple,  easily-adjustable  lever  arrangement,  which  saves  labour 
as  compared  with  the  original  arrangement.  Output,  according  to 
size,  from  40  to  130  tons  in  ten  hours;  price  £140  to  £375. 

At  Oker,  a  steam-engine  of  12  horse-power  drives  two  stone- 
breakers^  mounted  one  above  the  other.     The  higher  one  breaks 
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the  l&rge  atones  roughlj,  the  lower  one  down  to  the  proper  size. 
Fig.  26. 
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They  supply,  in  the  case  of  very  hard  ore,  and  a  size  of  IJ  inch,  25 
tons  daily ;  at  2^  inches  size,  40  tons. 

A  new  crushing-mill  has  been  invented  by  Motte  at  Dampreny, 
near  Charleroi,  which  has  been  improved  by  the  Markish  Engine 
Works  (German  Patent,  October  16th,  1877 ;  '  Dingler's  Journal,' 
ccixvii.  p.  58).  The  principle  is  that  of  a  peculiar  kind  of  mortar, 
with  hollow  bottom,  in  wliich  the  crushing  is  done  by  a  pestle,  as 


Fig.  27. 


seen  in  fig.  27.     Whether  this  mill  is  really  preferable  to  the  older 
stone-breaking  machines  experience  will  show. 


Pyriles-Bumert. 

Among  the  apparatus  for  burning  pyrites  in  the  manu&cture  of 
sulphuric  acid  a  distinction  hag  to  be  made  between  those  intended 
for  lumps  and  those  intended  for  smalls.  It  is  indispensable  to 
keep  both  kinds  apart,  and  to  employ  diflerent  apparatus,  or  at  least 
processes,  for  them  ;  for  if  the  broken  ore  is  put  into  the  burner 
without  separating  the  smalls,  the  air-channels,  which  ought  to  re- 
main between  the  pieces,  are  soon  partly  stopped  up  with  powder, 
and  the  access  of  air  becomes  irregular ;  thus  scars  are  formed,  and 
proper  work  is  then  impossible.  Apart  from  the  coarser  and  finer 
powder  obtained  on  breaking,  a  great  deal  of  smalla  comes  into  the 
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trade  direct  £rom  the  mineH,  obtained  there  by  the  use  of  water  for 
separating  the  ore  from  the-gangue. 

We  shall  first  describe  the  burning  of  pyrites  in  lumps.  This 
always  takes  place  in  such  a  way  that  the  heat  of  the  burning 
pyrites  suffices  for  maintaining  the  combustion  without  any  other 
fuel  being  employed.  The  apparatus  used  for  this  purpose  are 
called  "kilns,"  or  "burners."  The  first  burner  in  which  Parmer 
employed  pyrites  waa  a  small  furnace  with  two  grates,  fig.  28.     A 

Fig.  28, 


was  the  working- door,  a  the  pioper  grate,  shaped  like  an  ordinary 
coal-grate,  b  a  small  grate  for  burumg  that  which  fell  through  the 
first,  B  the  door  for  removing  the  cmdcre  Such  a  grate  could  not 
answer  for  pyrites ,  and  therefore  a  step  backwards  was  taken  by 
employing  real  kilns  without  a  grate. 

Figs.  29  to  31  show  such  a  kiln  on  a  scale  of  -^  of  the  real  size, 
of  10  feet  height,  and  3  feet  3  inches  width.  Fig.  29  is  partly  a 
front  elevation,  partly  a  section  through  the  line  C  D  of  the  plan, 
fig.  30 ;  fig.  31  a  section  through  the  line  E  F  of  the  plan,  showing 
the  slope  of  the  bottom  to  both  sides,  to  facilitate  the  sliding-off  of 
the  cinders  from  the  edge  c  towards  the  drawing-out  holes,  bbf. 
The  ore  is  charged  from  the  top  through  an  opening,  closed  by  an 
iron  door.  The  air  enters  partly  through  b  and  ft*,  partly  through 
four  openings,  d,  higher  up,  which  are  partially  closed  by  loose  bricks 
according  to  requirement.  These  openings  also  serve  for  breaking 
up  the  burning  pyrites  by  means  of  pokers.  This  is  especially 
needed  for  cupreous  pyrites,  which  is  more  easily  fusible.  The 
height  of  the  charge  in  the  kiln  is  variable,  according  to  the  nature 
of  the  materiab ;  lesa-eaaily-buming  ore  must  be  kept  at  a  greater 
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height.  Special  care  has  to  be  taken  that  no  sulphur  can  sublime, 
but  that  the  upper  parts  of  the  ore  receive  sufficient  air  for  burn- 
ing any  sulphur  that  may  hare  been  volatilized.  The  gas  goes 
through  e  into  the  acid-chambers,  frequently)  however,  first  through 
a  brick  chamber  for  depositing  the  dust  carried  away.  If  the  nitric 
acid  is  to  be  generated  irom  solid  nitrate,  the  "potting"  is  done 
through  a  well-closing  door  in  the  flue,  e,  the  temperature  of  which 
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ishighenongh  for  the  purpose.  Sis  kilns  aregenerally  built  together, 
each  three  of  them  with  a  common  flue,  e  e,  for  potting,  and  a  slide, 
/,  for  regulating  the  draught.  The  two  flues,  e  e,  are  joined  in  a  com- 
mon  flue,  3  feet  3  inches  wide.  According  to  Knapp  ('  Chemische 
Technologie,*  vol.  i.  pt.  2,  p.  306),  the  ore  can  be  easily  burnt  down 
to  3  per  cent,  sulphur  in  those  kilns ;  but  this  appears  doubtful, 
as  such  a  result  is  considered  excellent  even  with  the  modem 
bamers  supplied  with  grates.  Similar  furnaces,  with  a  saddle- 
Bhaped  bottom,  are  still  in  use  at  Oker  for  ores  poor  in  sulphur, 
whilst  the  rich  ores  arc  burnt  iu  burners  supplied  with  grates. 

The  square  section,  as  shown  in  figs.  29  to  31,  is  mostly  unsuit- 
able for  such  high  kilns,  because  the  ore  easily  gets  fast,  and  cannot 
go  down,  and  also  prevents  the  air  from  passing  through.  There- 
fore the  kilns  have  more  frequently  been  built  with  walls  tapering  a 
little  downwards,  such  as  are  shown  in  most  of  the  following  figures. 
The  sloping  sides  assist  the  sliding-down  of  the  ore ;  and  the  greater 
mrface  causes  the  combustion  to  take  place  to  a  smaller  extent  in 
the  interior  of  the  mass,  whereby  its  fusion  is  more  easily  avoided. 
Such  a  shape  is  that  of  the  Oker  kilns  for  burning  the  Rammels- 
berg  ores  (figs.  32  to  35). 


Fip.  32. 


Fiff.  38. 


Four  or  eight  kilns  are  built  together.  A  A  arc  the  burning- 
shafts,  6  feet  6i  inches  high,  2  feet  1  inch  sqaare  at  the  bottom, 
4  feet  2  inches  square  at  the  top  ;  B,  the  gas-flues,  joining  in  C 


154  8VLFHURIC  ACID. 

Each  shaft  has  four  openings  in  front,  one  on  each  side,  two  ii 
Fiff-  34.  Fijf.  36. 


wards;  ff  serve  for  charging  the  ore,  aabb  for  discharging  the 
burnt  ore  and  introdncing  air,  cerfi  for  breaking  up  the  pyrites  or 
introducing  more  ore.  The  arch  below  the  pillar,  D,  on  which  the 
potting  takes  place  through  g,  is  accessible  through  h  k.  Each  kiln 
is  broken  up  and  chained  every  eight  hours. 

At  Freiberg  the  drawbacks  of  the  kilns  with  straight  walls  have 
been  overcome  by  a  shaft  of  oblong  section,  whose  inside  measure- 
ments are  8  feet  2^  inches  height,  8  feet  2J  inches  x  3  feet  7  inches 
width  at  the  top,  6  feet  6^  inches  x  I  foot  8  inches  width  at  the 
bottom.  This  shape  is  said  to  answer  best  for  poor,  badly-burning 
ores.  Altogether,  the  kilns  hitherto  discussed  mostly  serve  for 
metallurgical  purposes,  such  as  roasting  of  coarse  metal  in  copper 
and  lead-smelting,  for  copper-pyrites  &c.,  where  only  a  portion  of 
the  sulphur  is  sought  to  be  utilized  j  also  for  poor  ores  in  gene- 
ral, where  the  needful  temperature  cannot  be  attained  in  burners 
with  grates,  and  where  a  fusing  of  the  ores  does  not  take  place  in 
spite  of  the  greater  height  of  the  kilns.  Owing  to  this  height,  the 
ores  must  be  employed  in  sizes  at  least  upwards  of  that  of  a  walnut ; 
for  smaller  sizes,  at  Oker,  burners  with  grates  must  be  employed 
(Brauning) . 

The  Cbessy  kiln,  figured  in  Payen's  '  Pr&ns  de  Chimie  indus- 
trielle,'  also  belongs  to  the  class  of  kilns  without  grates,  but  has 
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long  been  replaced  by  more  suitable  apparatus.     Ferrety  indeed^ 
had  employed  an  ordinary  lime-kiln  for  his  first  experiments . 

Latterly  the  pyrites-burners^   apart  from   the  just-mentioned 
metallurgical  objects^  have  been  generally  constructed  with  grates 
and  ash-pits.    This  certainly  causes  a  considerable  improvement  in 
the  working  of  the  furnaces.     Where  the  air  has  merely  to  pass 
through  a  mass  of  burnt  ore^  its  quantity  cannot  possibly  be  regu- 
lated in  this  way^but  only  by  dampers  at  the  other  end  of  the  furnace. 
It  is  even  a  more  serious  disadvantage  that  the  subdivision  of  the  air 
inside  the  burner  must  be  very  irregular  in  that  case.   According  to 
the  greater  or  smaller  resistance  offered  by  the  individual  portions 
of  the  layer  of  pyrites,  the  air  will  pass  through  very  unequally, 
and  just  in  the  least  degree  at  the  places  where  most  pyrites  is 
lying  and  where  it  is  most  wanted.     The  addition  of  a  grate  and  a 
dosed  ash-pit  alters  the  state  of  the  case  at  once,  in  this  way,  that 
only  a  definite  quantity  of  air  need  be  admitted  into  the  ash-pit,  and 
that,  moreover,  this  air  must  first  spread  equally  underneath  the 
grate,  and  rise  all  over  the  area  of  the  burner.     Thus  the  ore  is 
much  more  completely  burnt,  and  at  the  same  time  richer  gas  is 
obtained,  which  leads  to  a  better  chamber-process,  higher  yield  of 
acid,  and  smaller  consumption  of  nitre ;  the  operation  of  drawing 
out  the  burnt  ore  becomes  much  more  regular,  and  offers  a  greater 
guarantee  against  raw  ore  getting  into  it ;  lastly,  it  does  not  happen 
so  often  that  fused  masses,  ^'  scars,''  are  formed  in  the  burner, 
although  also  in  the  case  of  grates  this  easily  happens  if  the  style 
of  working  is  faulty. 

The  introduction  of  grates  led  to  further  improvements  : — first, 
a  diminution  of  the  height  of  the  burners,  which  made  them  much 
handier  for  working,  and  which  acted  especially  well  with  more 
easily  fusible  ores,  although  in  some  places  the  other  extreme  of 
too  low  layers  of  pyrites  has  been  resorted  to.  Also  the  way 
of  introducing  the  nitre  has  been  very  much  improved;  but  in 
many  cases  this  has  been  a  sore  point,  even  up  to  very  recent 
times.  The  mixture  of  nitre  and  sulphuric  acid  is  very  apt  to  boil 
over ;  and  the  running  over  acid  saltcake,  if  it  gets  into  the  burner, 
is  not  merely  lost,  but  it  disturbs  the  draught,  and  causes  the  ore 
to  cake  together  in  extremely  hard  masses,  which  can  only  be 
removed  after  pulling  down  the  front  wall.  Other  improvements 
will  be  mentioned  later  on. 

A  transition  from  the  metallurgical  kilns  to  the  burners  of  to- 
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day  is  preaeDted  by  the  Freiberg  kilns  for  roasting  18  or  20  cwt. 
of  cofirse  metal,  with  SO  or  21  per  cent,  of  sulphur,  in  24  hours 
(figs.  86  and  37).  A  is  the  shaft ;  a,  charging-holes,  12^  inches 
wide,  covered  with  iron  plates,  upon  which  a  layer  of  coarse  metal, 
1  or  2  feet  deep,  is  tipped ;  4,  three  larger  working-holes,  15  inches 
long  by  12  inches  high ;  c,  three  rows  of  working- holes,  8  inches 
by  4  inches ;  d,  three  drawing-out  holes  on  each  side,  2  feet  by 
1  foot;  e,  saddle  grates;  F,  air-flue;  y,  flue  for  taking  away  the 
sulphoroaa  acid.  The  saddle  grate  is  for  the  purpose  of  conveying 
air  into  the  middle  of  the  shaft,  where  it  penetrates  less  easily  than 
along  the  sides. 

Rg.86. 
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Before  we  enter  upon  the  description  of  the  burners^  such  as  they 
are  built  now-a-days^  we  must  shortly  mention  the  Belgian  hearth- 
furnaces,  which  possess  grates^  but  which  surpass  the  fault  of  too 
high  shafts  by  the  worse  fault  of  too  shallow  and  large  hearths.  These 
furnaces  are  described  and  figured  in  detail  on  pages  19  and  20  of  an 
official  report  made  (by  Stas)  to  the  Belgian  Parliament  on  the  26th 
February,  1856  ("  Fabriques  de  Produits  Chimiques/'  Rapport  par 
la  Commission  d'enquSte  &c. ;  abstracted  in  '  Dingler^s  Journal/ 
cxlv.  pp.  875,  427).  The  furnaces  had  a  grate-surface  of  130  to 
150,  even  200  square  feet.  The  grate-bars  were  distant  1^  inch 
from  each  other,  and  were  loose,  but  not  movable  round  their  axis. 
One  third  of  them  were  put  more  closely  together,  for  burning 
smaller  ore.  Three  hoppers  in  the  furnace-roof  served  for  charging, 
lateral  doors  for  working  (and  partly  for  charging),  a  cave,  effect  high 
and  equaUy  wide,  for  drawing  the  cinders.  Each  furnace  received, 
in  24  hours,  2  to  3  tons  of  ore,  in  four  or  eight  portions,  partly 
pieces  of  1^  to  \\  inch  side,  partly  cakes  of  pyrites  dust,  clay,  and 
straw,  of  4  inches  diameter.  The  pyrites  lay  8  to  12  inches  deep. 
On  drawing  the  cinders  there  was  a  great  loss  of  sulphurous  acid, 
because  on  opening  the  iron  plate  which  closed  the  large  cave  a 
large  quantity  of  air  entered  and  drove  out  a  great  deal  of  sulphurous 
acid,  as  every  practical  man  will  readily  see.  The  cinders  must 
have  contained  much  raw  ore.  The  burning  must  have  been  very 
unequal  in  different  parts  of  the  grate  and  at  different  periods ;  and 
the  evolution  of  gas  must  have  been  similarly  unequal.  It  is  no 
wonder  that  these  works  only  yielded,  on  the  average,  69  per  cent, 
of  the  amount  indicated  by  theory.  The  commission  of  inquiry 
recommended  to  employ  smaller  furnaces,  to  charge  these  by  turns, 
in  order  to  obtain  a  more  regular  composition  of  the  gas,  and  to 
employ  a  deeper  layer  of  pyrites,  in  order  to  increase  the  points  of 
contact,  and  not  to  allow  too  great  an  excess  of  air  to  pass  through. 
Chandelon  reported  in  1871  that  most  of  these  recommendations 
had  been  carried  out,  and  that,  indeed,  the  average  yield  had  thereby 
been  brought  to  88*7  per  cent,  of  the  theoretical  one  ('Bulletin  de 
la  Soci^te  d'encouragement,'  xviii.  p.  315) ;  but  the  author  has  seen 
burners  with  very  shallow  layers  of  pyrites  even  since  then. 

Less  irrational  than  the  former  large  Belgian  furnaces,  but  still 
very  faulty,  are  the  Marseilles  burners  (figs .  38  and  39) .  Each  of  these 
burners,  of  which  two  or  more  are  combined,  contains  two  hearths, 
A  and  A',  for  the  roughly  broken  pyrites,  and  between  them  a  basin. 
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B,  of  cast  iron,  or  acid-proof  sandstODe,  for  the  nitre  mixture.   The 
Fig.  88. 
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gas  escapes  by  the  flues  o  and  d ;  the  wall  c  protects  the  basin, 
Bj  from  being  overheated.  If  the  drawing  (taken  from  Knapp's 
'  ChemiBche  Technologic '}  is  correct,  the  fiimace  on  the  left  hand 
taiut  have  had  too  much,  that  on  the  right  hand  too  little  draught ; 
and  this  will  hardly  have  been  overcome  by  regulating  the  shts  in 
the  doors.  Both  hearths  together  received  6  ewt.  of  ore  every  three 
or  four  houiTB — that  is,  3  tons  to  Z  tons  8  cwt.  in  24  hours.  On 
drawing,  apparently  the  whole  mass  of  the  ore  was  raked  out.  The 
lumps  ought  not  to  be  too  small ;  and  10  to  15  per  cent,  of  sulphur 
is  said  to  remain  in  the  cinders.  The  layer  of  ore  is  much  too 
ahaUow,  and  the  whole  construction  objectionable. 

We  approach  the  constructions  of  to-day  with  the  Freiberg 
burner,  shown  in  figs,  40  to  42.  Fig.  40  gives  an  elevation 
through  cd  and  de  of  the  plan,  fig.  41,  on  a  scale  of  1:50; 
fig.  42,  a  sectional  elevation  through  a  6  of  the  plan.  This  burner 
is  specially  adapted  for  easily -burning  ore.  B  is  the  shaft;  /the 
cbai^ng-hole,  furnished  with  a  tightly  closing  cover.  The  grate, 
g,  still  shaped  like  that  of  a  steam-boiler,  is  inclined,  in  order  to 
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Fig.  40. 
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facilitate  the  drawing  through  h.  The  smaller  pieces  fall  through 
the  grate  into  the  ash-pit,  A,  and  are  emptied  from  time  to  time 
through  the  door,  i,  furmshed  with  holes  for  the  supply  of  air. 

Fig.  42. 
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About  10  inches  above  the  grate  the  frout  wall  of  the  burner  is 
pierced  by  a  horizontal  row  of  holes,  k,  in  which  atuffing -boxes  are 
fixed  for  movable  round  iron  bars,  /.  These  can  be  used  for  loosen- 
ing the  ore  (which  they  will  do  very  incompletely) ;  they  also  serve 
for  supporting  the  higher-lying  portiona  of  ore  on  withdrawing  the 
cinders.  The  door,  m,  serves  for  observing  the  combustion  (which, 
however,  can  only  be  judged  of  properly  from  the  top)  and  for  in- 
troducing a  poker  in  case  the  ore  must  be  broken  up.  The  larger 
opening,  n,  likewise  with  a  door,  serves  for  the  same  purpose,  and 
also  for  potting  in  the  flue,  C  (which  must  be  a  very  troublesome 
thing,  looking  at  the  large  size  of  B,  connected  with  great  risk  of 
spilling  the  contents  of  the  nitre-pots) .  The  gases  from  C  get  first 
into  the  large  main  flue,  D,  which  at  Freiberg  is  upwards  of  330  feet 
long;  here  they  deposit  dust,  and  especially  arsenic,  and  then  pass 
on  to  the  acid'chamhers.  The  flue  E  serves  for  keeping  the  ground- 
moisture  from  the  burners. 

Whilst  on  the  Continent  there  waa  still  an  oscillation  between 
the  extremes  of  high  kilns   and  of  hearth-furnaces,  in  England 
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already,  since  about  1860  or  1862,  an  intermediate  form  had  been 
found,  which,  in  all  essential  parts,  is  the  same  as  that  used  now, 
and  is  being  more  and  more  introduced  on  the  Continent.  The 
English  pyrites-burners  have  a  moderate  area  of  grate,  about  4  to 

5  feet  wide,  and  4^  to  6  feet  from  front  to  back.  The  inner  walls 
sometimes  rise  quite  perpendicularly;  more  frequently  the  two 
sides  and  the  back  slant  a  little  outwards,  up  to  the  level  of  the 
working-door,  to  the  extent  of  about  9  inches,  sometimes  only 

6  inches,  in  width,  and  half  as  much  in  the  back ;  from  that  level 
the  walls  rise  again  perpendicularly  up  to  the  roof.  The  front 
wall,  which  is  only  9  inches  thick,  and  mostly  protected  by  a 
1-inch  or  1^-inch  metal  plate,  rises  perpendicularly,  and  is  per- 
forated with  several  working- holes.  The  ash-pit  has  either  vertical 
sides  or,  more  rarely,  sides  converging  towards  the  bottom,  in  order 
to  facilitate  the  removal  of  the  cinders.  Its  depth  varies  from  16 
to  24  inches.  The  level  of  the  working-doors,  which  determines 
the  depth  of  the  layer  of  pyrites,  varies  from  1  foot  8  inches 
to  2  feet  6  inches ;  but  the  former  depth  is  considered  by  most 
practical  men  too  little,  at  any  rate  for  average  ores,  and  the 
right  depth  is  between  2  feet  and  2  feet  4  inches,  but  nearer  the 
upper  than  the  lower  limit.  At  the  Oker  works  the  depth  of  ore 
is  only  1  foot  6^  inches,  and  elsewhere  in  Germany  similarly,  even 
down  to  1  foot  4  inches.  The  reason  of  it  is  the  fear  of  scarring, 
which  English  experience  with  the  same  ores  proves  to  be  un- 
founded. The  height  from  the  upper  level  of  the  ore  up  to  the 
abutment  of  the  arch  is  usually  about  equal  to  that  of  the  working- 
door,  say  9i  to  12  inches,  and  from  there  up  to  the  crown  of  the 
arch  another  8  or  9  inches.  The  arch  itself  is  either  sprung  from 
side  to  side,  as  is  the  custom  on  the  Tyne  (whereby  the  walls  are 
made  to  bear  the  weight  more  equally  and  the  working  through 
the  doors  is  facilitated),  or,  as  is  usual  in  Lancashire,  from  front  to 
back  (which  is  more  advisable  in  the  case  of  two  rows  of  burners 
being  built  back  to  back,  in  which  case  the  arch  is  sprung  over 
both  burners  together,  with  a  supporting  wall  in  the  centre :  comp. 
fig.  54) .  In  any  case  it  is  advisable  to  build  the  burners  back  to 
back,  even  with  arches  sprung  from  side  to  side,  wherever  it  is 
locally  possible ;  thus  one  back  wall  is  saved,  the  heat  is  kept  tip 
better,  and  a  common  gas-flue  can  be  employed. 

The  g<U'flue  of  the  English  burners  is  always  at  the  top^  each 
burner-arch  having  a  hole  of  4  to  5  inches  square  leading  into  it. 
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These  holes  are  not  always  provided  with  dampers ;  but  by  gradually 
increasing  the  size  of  the  whole  as  the  distance  from  the  main 
shaft  becomes  greater,  evenness  of  draught  is  produced.  The  flue 
itself  can  be  made  of  bricks  set  in  tar  and  sand,  and  covered  with 
fire-tiles.  Most  modem  works  prefer  forming  it  by  a  second  arch, 
about  6  or  12  indies  above  the  burner-roof,  reaching  right  across 
the  whole  burner,  and  supported  by  the  front  plate  being  made  high 
enough.  Special  care  is  devoted  to  the  doors,  as  will  be  seen  when 
we  give  the  detailed  description. 

The  principal  feature  of  the  English  pyrites-burners,  which  has 
now  been  introduced  into  nearly  all  continental  works  as  well,  is 
the  employment  of  grate-bars  of  square  or  oblong  section,  movable 
in  bearings,  and  leaving  larger  or  smaller  spaces  between  them,  ac- 
cording to  their  position.  (According  to  Hasenclever,  in  Hofmann^s 
'Bericht,'  1875,  i.  p.  158,  movable  grate-bars  have  been  used  in 
France  ever  since  1848.)  Fig.  43  represents  such  a  grate-bar, 
in  which  the  places  can  be  noticed  which  are  forged  or  cast  round, 
so  that  they  can  easily  turn  in  the  respective  hollows  of  the  bearers. 
Bars  2  inches  square  are  usually  made  of  wrought  iron;  the 
oblong  bars,  2  by  3  inches,  which,  being  turned  on  edge,  leave  a 


Fig.  43. 


Fig.  44. 


larger  space,  and  therefore  only  suit  larger  pieces,  are  mostly  of 
cast  iron.  The  grates  rest  on  cast-iron  bearers,  as  shown  in  fig.  44 ; 
in  the  shallower  kilns  (4^  to  5  feet  from  front  to  back)  there  are 
two  such,  in  the  deeper  kilns  (5  feet  3  inches  to  6  feet  from  front 
to  back  inside)  three.  According  to  this,  of  course,  two  or  three 
rounded  places  must  be  made  on  the  bars  themselves.  Lest  these 
should  be  weakened  too  much,  the  diameter  of  the  round  places  in 
the  square  bars  is  equal  to  the  side  of  the  square,  in  the  oblong 
ones  equal  to  the  smaller  side.     In  any  case  the  front  piece  of  each 
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bar,  where  it  projects  beyond  the  bearing-bar,  remains  square 
or  oblong,  so  that  it  can  be  turned  round  its  axis  by  means  of  a 
suitable  key  (fig.  45).     The  intervals  between  the  grate-bars  are 


Fig.  45. 


mostly  managed  so  that  with  2-inch  bars  they  are  abou  t  2  inches 
when  the  bars  are  in  the  situation  shown  in  fig.  46;  but  if  they  are 
turned  90  degrees,  as  in  fig.  47,  the  intervals  will  only  amount  to 
1^  inch.  In  another  actual  instance  the  diameter  of  the  bars 
was  1|  inch,  the  clear  distance  in  the  straight  position  1^  inch,  in 
the  diagonal  position  1  inch.     If,  lastly,  the  situation  is  as  in  fig.  48, 

Rg.  46. 


Fig.  47. 


Fig.  48. 


m^ 


where  half  of  the  bars  are  turned,  the  intervals  will  be  between  the 
two  above  limits ;  and  as  each  bar  can  be  turned  separately,  many 
combinations  can  be  produced.  Usually  the  bars  stand  as  in  fig.  47 — 
that  is,  all  with  their  diagonals  in  a  horizontal  plane,  or  with  the 
smallest  possible  intervals,  so  that  the  pieces  of  ore  cannot  fall 
through.  As  soon  as  a  portion  of  the  ore  has  to  be  removed,  the 
attendant  takes  hold  of  the  front  end  of  a  bar  with  his  key,  and 
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moves  it  a  few  times  from  side  to  side.  Thas  a  kind  of  crushing- 
action  will  be  exercised  on  the  cinders  getting  between  the  two  bars, 
the  intervals  are  momentarily  enlarged,  and  that  which  is  jammed 
between  the  bars  is  forced  downwards.  Of  course  a  good  deal  of 
strength  is  required  for  this  work.  At  the  same  time,  by  the  action 
of  the  key,  the  pyrites  is  loosened  up  to  a  certain  height.  The 
workman  now  goes  from  one  bar  to  another,  generally  leaving  one 
out,  and  shakes  them,  according  to  the  judgment  of  the  eye,  so  far 
that  an  equal  quantity  of  burnt  ore  is  drawn  out  all  over  the  area 
of  the  grate.  That  which  has  fallen  through  is  allowed  to  lie  in  the 
ash-pit  till  the  time  comes,  once  every  24  hours,  for  opening  the 
bottom  door  and  taking  away  the  cinders.  A  new  shape  of  bars, 
which  is  said  to  possess  great  advantages  over  the  ordinary  an- 
gular ones,  has  been  patented  by  W.  Helbig  (Dingl.  Journ.  ccxxvii. 
p.  67),  and  is  shown  in  fig.  49.     It  is  that  of  a  cast-iron  bar,  of 

Fig.  49. 


round,  square,  or  elliptic  section,  with  a  worm  all  round  it.  The 
pitch  and  cross  section  of  the  thread  are  made  to  suit  the  maximum 
and  minimum  size  of  the  pyrites  for  which  the  grate  is  intended. 
The  collars,  r  and  ri,  protect  the  bar  from  getting  out  of  its  bear- 
ings ;  c  is  the  back  bearing,  /  the  front  bearing,  with  a  square  con- 
tinuation for  receiving  the  key.  The  diagram  shows  the  different 
positions  of  the  bars.  When  they  stand  as  1  to  2,  they  offer  the 
smallest,  when  they  stand  as  2  to  3,  the  largest  openings.  In  either 
case  the  total  area  of  the  openings  is  always  the  same,  different 
from  the  ordinary  burner-grates.  Helbig  claims  the  following  ad- 
vantages for  his  bars  (which,  however,  are  partly  shared  by  the 
usual  ones) : — ^The  bars,  owing  to  their  round  shape,  are  more  easily 
turned^  without  lifting  or  shaking  up  the  pyrites ;  so  that  no  incom- 
pletely burnt  pyrites  comes  down  too  quickly.  [This  does  not  seem 
very  advantageous ;  the  shaking  up  of  the  ore  is  even  useful  in  order 
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to  prevent  it  from  getting  fast.]  When  larger  pieces  are  jammed 
between  the  bars  they  can  be  broken  up  more  forcibly.  The  ore 
is  very  evenly  burnt,  owing  to  its  going  down  so  evenly.  On  ac- 
count of  the  peculiar  front  bearings,  no  air  can  enter  there.  No 
pyrites  falls  out  without  turning.  The  injurious  eflfect  of  the  pieces 
bursting  is  counteracted  [in  what  way  ?] .  That  the  grate-surface 
remains  the  same  in  each  position  of  the  bars  is  of  great  import- 
ance for  the  regularity  of  the  burning.  These  grates  are  said 
to  be  as  well  adapted  as  Walter's  burners  for  the  burning  of  *'  peas  '^ 
(see  below) . 

It  is  very  acceptable  (but  rarely  met  with,  because  it  necessitates 
a  somewhat  complicated  plant)  if  the  ash-pit  is  deep  enough  for 
introducing  an  iron  bogie  below  the  grate  whose  top  equals  the 
whole  surface  of  the  grate  in  size ;  the  ash-pit  door,  of  course,  must 
be  correspondingly  large.  The  cinders  in  that  case  fall  direct  into 
the  bogie,  and  can  be  wheeled  out  in  a  few  moments ;  usually  they 
have  to  be  raked  out  by  hand,  during  which  time  the  door  must 
stand  open,  and  much  false  air  gets  into  the  burner.  This  arrange- 
ment is  found  in  Hasenclever  and  Helbig's  burner,  figs.  60  and  61, 
also  at  the  Oker  works.  Where  there  are  not  two  rows  of  burners 
built  back  to  back,  it  is  possible  to  charge  on  one  side  and  discharge 
on  the  other ;  but  there  is  no  great  advantage  in  this  arrangement, 
which  takes  a  great  deal  of  space. 

In  the  South  of  France  at  present  similar  burners  are  used,  5  feet 
11  inches  deep,  with  a  grate-surface  of  13  square  feet,  and  a  dis- 
tance of  1^  inch  between  the  bars  when  in  a  vertical  position;  in 
these,  lumps,  along  with  10  or  15  per  cent,  of  ^^  balls,*'  are  burnt 
down  to  2  or  3  per  cent,  of  sulphur  (Favre,  ^  Moniteur  Scientif.' 
1876,  p,  270). 

In  order  not  to  be  obliged  to  open  the  whole  ash-pit  when  shaking 
the  bars,  all  better  furnaces  are  provided  with  a  slit  in  the  front 
plate,  through  which  the  ends  of  the  bars  are  accessible.  Except 
during  shaking-time,  the  slit  is  covered  by  a  door,  which  is  b^t 
made  in  two  halves. 

All  doors  for  charging,  working,  shaking  of  the  bars,  and  getting 
out  the  cinders  cither  run  horizontally  in  grooves,  or,  still  better, 
they  are  hung  on  hinges ;  and  the  door-frame,  cast  upon  the  front 
plate,  is  made  to  slant  forwards  below,  sometimes  also  sideways, 
so  that  the  door  lies  fast  upon  it  by  its  own  weight.  As  both 
the  door-frame  and  the  edges  of  the  door  touching  it  are  planed. 
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the  doors  close  tight  without  any  luting,  whilst  those  running  in 
grooves  must  he  made  tight  with  lime-putty. 

All  brickwork,  so  far  as  it  is  touched  by  the  heat  (that  is,  the 
walls  above  the  grates,  the  arch,  and  the  gas-flue) ,  arc  lined  with 
fire-bricks  ;  the  total  thickness  in  front  is  one  brick,  behind  (or  as 
the  partition  between  two  rows  of  burners)  two  bricks.  The  side 
walls  dividing  each  two  burners  of  a  row  are  1^  or  2  bricks  thick, 
but  they  diminish  upwards  to  one  brick.  The  roof  need  only  be 
4^  inches  thick.  The  mortar  is  fire-clay,  as  usual ;  in  the  colder 
parts,  such  as  vertical  gas -shafts,  flues,  &c.,  this  does  not  stand  so 
well  as  boiled-down  tar  and  sand. 

Of  course  the  burners  are  well  bound  together,  either  by  special 
uprights  and  tension-bars,  or  by  flanges  cast  to  the  front  plates,  pro- 
vided with  holes  for  the  cross  bars  (fig.  52) . 

Opinions  as  to  what  size  the  burners  are  to  be  made  vary  a 
good  deal.  Mostly  smaller  burners  are  met  with,  about  4  feet 
6  inches  to  5  feet  from  the  outside  to  the  inside  of  the  back  wall. 
The  reason  given  for  this  is  that  longer  grates  cannot  be  served  so 
well,  and  that  in  a  larger  burner  the  newly-charged  ore  forms  too 
shallow  a  layer  (the  depth  of  the  whole  layer  of  pyrites,  including 
the  partially  burnt  ore,  is  not  in  question  here) .  The  author  has, 
however,  worked  for  a  good  many  years  with  larger  burners,  nearly 
6  feet  from  the  front  to  the  back  end  of  the  grate,  and  has  burnt 
his  ore  better  than  the  majority  of  other  works  using  the  smaller 
burners.  To  be  sure,  the  usual  7-cwt.  charge  had  to  be  all  put  in 
at  once,  whilst  in  the  smaller  burners  it  is  put  in  in  two  halves 
every  12  hours;  and  many  practical  men  assert  that  a  12-hours' 
is  preferable  to  a  24-hours^  charging ;  but  this  is  not  borne  out 
by  experience.  It  is,  however,  a  decided  mistake  to  try  burning 
a  much  larger  chaise  on  the  larger  grate,  say  8  or  9  cwt.  This 
can  only  be  ddhe  with  poor  ores,  such  as  are  not  in  use  now-a- 
days,  except  locally ;  richer  ores,  especially  those  containing  copper, 
are  sure  to  be  fluxed  by  the  heat  getting  too  high,  and  cause  the 
greatest  trouble.  As  a  result  of  long  experience,  the  author  is  in- 
clined to  consider  a  grate-surface  of  4  feet  6  inches  by  5  feet  8  inches, 
and  a  depth  of  pyrites  of  2  feet  3  inches,  very  favourable  for 
burning  7  cwt.  of  48-per-cent.  Spanish  ore,  charging  once  every 
24  hours. 

The  just-mentioned  rate  of  burning  equals  30  lb.  of  48-per-cent. 
pyrites  per  superficial  foot  of  grate  in  24  hours.     With  poorer  ore 
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(40to  42  per  cent.)  the  author  has  certainly  burnt  in  the  same  grate  8 
cwt.  ( =  35  lb.  per  square  foot) ,  and  with  38-  or  40-per-cent.  ore  even 
9  cwt.  (==  nearly  40  lb.  per  square  foot) .  In  England  the  maximum 
quantity  of  pyrites  burnt  per  square  foot  of  grate  will  very  rarely 
exceed  40  lb.  of  48-per-cent.  pyrites ;  reliable  figures  firom  one  of  • 
the  largest  works  are  35^  and  39  lb.  But  in  German  works^  ac- 
cording to  Hasenclever,  using  Westphalian  pyrites,  the  proportions 
are  41-6,  44*5,  578,  603,  and  650  lb.  (Wagner's  Jahresb.  1871, 
p.  212).  Bode  (iA.  1874,  p.  245)  quotes  for  Westphalian  pyrites 
of  41  or  42  per  cent.  507  to  640  lb. ;  for  Norwegian  ore  of  the 
same  strength,  38*3  lb. ;  for  Valais  ore,  with  85  per  cent,  sulphur, 
up  to  92  lb.  per  square  foot  in  24  hours.  Favre  (Monit.  Scient. 
1876,  p.  271)  states  as  the  most  favourable  ratio  in  his  experience 
55'31b.  of  40-per-cent.  pyrites  per  square  foot  in  24  hours. 

At  the  Oker  works,  according  to  Branning,  the  total  grate- 
surface  of  eight  burners  belonging  to  a  set  of  chambers  of  65,500 
cubic  feet  capacity  amounted  to  226  square  feet — that  is,  1  square 
foot  to  each  290  cubic  feet  of  chamber-space,  with  a  depth  of  1  foot 
6i  inches  pyrites  over  the  grates.  There  are  daily  3^  tons  of  40- 
per-cent.  ores  burnt,  equal  to  30*5  lb.  per  square  foot  of  grate,  which 
agrees  much  better  with  the  author's  results  than  with  those  of 
Hasenclever  and  Bode. 

It  is  hardly  necessary  to  say  that  the  pyrites-burners  are  always 
built  in  sets.  Usually  1 2  to  24  burners  are  served  by  the  same  set 
of  men ;  and  they  must  be  w  orked  so  that  every  one  gets  its  regular 
turn,  as  is  evident  from  the  necessity  of  a  regular  evolution 
of  gas.  Frequently  the  burners  are  built  underneath  the  acid- 
chambers.  Not  only  must  they  in  any  case  be  protected  against 
rain  (if  not  underneath  the  chambers),  but  they  must  not  stand 
in  a  space  open  at  the  sides,  since  strong  winds  would  put  their 
draught  wrong,  and  cause  them  either  to  go  too  fast  or  too  blowout 
of  the  doors.  It  is  best  to  protect  them  by  light  walls  or  by  a 
brattice  with  shutters  adjustable  according  to  the  direction  of  the 
wind. 

As  the  drawings  of  the  English  burners  will  show,  each  burner 
is  independent  of  the  other,  and  they  do  not  communicate  with  one 
another,  but  only  with  the  common  gas-flue.  Each  burner,  then, 
ought  to  have  its  own  damper,  which  is  not  always  the  case.  On 
the  Continent,  frequently  the  single  burners  are  only  separated  by 
low  walls ;  the  whole  set  is  then  like  a  large  burner  with  a  divided 
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grate ;  but  it  is  not  possible^  as  on  the  English  system,  to  treat 
each  burner  individually,  and  give  it  more  or  less  draught,  or 
isolate  it  for  repairs.  This  system,  therefore,  cannot  be  recom- 
mended. 

In  continental  works  possessing  no  Glover  tower  it  is  very  usual 
to  concentrate  the  chamber-acid  up  to  144°  Tw.  in  lead  pans,  which 
are  mounted  on  the  top  of  the  burners,  and  are  heated  by  their 
waste  heat.  Of  all  plans  for  concentrating  vitriol  this  is,  as  we 
shall  see  later  on,  the  cheapest,  only  excepting  the  Glover  tower. 
There  is  no  reason  why  such  pans  should  not  be  placed  on  the 
English  burners  as  well ;  but  even  before  the  Glover  tower  did  away 
with  all  lead  pans,  the  above  arrangement  does  not  seem  to  have 
been  practised  in  England.  In  this  country,  however,  the  space 
on  the  furnace-arch  is  otherwise  usefully  employed  for  drying 
^'  balls  ^'  from  pyrites  dust.  Sec.  There  are  also,  as  we  shall  see, 
some  reasons  against  placing  the  pans  on  the  top  of  the  burners. 

The  ^^ potting  '^  of  the  mixture  of  nitre  and  sulphuric  acid  (liquid 
nitric  acid  is  not  used  in  England  for  this  purpose)  has  latterly 
nearly  always  been  done  in  such  a  way  that  the  burners  are  not  dis- 
turbed by  it.  Even  ten  or  twelve  years  ago  the  pots  were  frequently 
put  on  pillars  between  two  burners,  with  a  common  gas-space ;  to 
these  belonged  special  potting-doors  in  the  burner-front,  and  cast- 
iron  dishes  as  saucers  for  receiving  the  stuff  that  boiled  over ;  these 
saucers  had  some  fall  towards  the  doors,  so  that  the  nitre-cake 
could  not  so  easily  run  into  the  burners ;  but  it  got  out  of  the  doors, 
which  made  them  look  very  dirty ;  and  ultimately  it  also  got  into 
the  burners  themselves.  None  of  the  better  factories  have  this 
arrangement  now,  but  all  pots  belonging  to  a  set  of  burners  are 
placed  in  a  separate  "  nitre-oven,^'  which  is  nothing  but  an  enlarge- 
ment of  the  gas-flue,  and  either  situated  over  the  burners  or  on 
pillars  outside  the  same.  The  latter  is  preferable ;  for  also  here 
there  is  always  a  metal  saucer  provided  for  catching  the  boiling- 
over  nitre-cake :  this  may  be  cracked  before  it  is  noticed,  and  much 
nitre-cake  may  get  into  the  burners,  doing  great  damage.  If  the 
arrangement  is  similar  to  fig.  53  (where,  by  the  way,  the  nitre- 
pots  are  replaced  by  a  better  contrivance  to  be  described  hereafter), 
no  risk  of  the  above-mentioned  kind  is  run. 

Favre  (/.  c.)  reports  that  the  works  in  the  south  of  France 
still  use  pots  of  2  ft.  7^  in.  x  1  ft.  6  in.  x  12  in.,  standing  on  a 
bridge  between  two  burners ;  and  he  also  mentions  the  drawback 
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of  boiling  over  into  the  burners.     This  would  show  that  those 
works,  even  in  1876,  were  in  a  backward  state. 

We  shall  now  give  diagrams  of  different  kinds  oi pyrites-bumera 
such  as  are  usual  now-a-days  in  England.     Figs.  50  to  52  show 


Fig.  60. 


a  simpler  construction,  which  can  be  made  with  open  sand  castings ; 
figs.  53  and  54  a  more  expensive  kind  of  front  plates,  requiriug 
planing,  turning,  &c,  :  the  latter  are  much  neater  and  cleaner,  be- 
cause no  putty  is  required  for  the  doors.  To  be  sure,  sometimes 
these  front  plates  become  a  little  warped;  and  then  the  doors  are 
not  tight  without  putty. 


sulfhubic  acid. 


Fig,  50  shows  two  burners  in  front  elevation,  and  one  in  section, 
the  first  burner  without  doora.  Fig.  51  ia  a  cross  section,  showing 
two  rows  back  to  back  ;  fig.  52  a  sectional  plan,  half  taken  just 


over  the  grate,  half  through  the  middle  of  a  door,  a  is  the  work- 
ing-opening, with  the  door  b,  which  slides  in  the  grooved  ledges,  c  c, 
cast  to  the  front  plate.  The  small  door  d,  only  to  be  used  excep- 
tionally, is  arranged  in  precisely  the  same  way.  The  openings  of 
the  brickwork  inside  are  protected  by  sniall  metal  plates  ;  e  is  tlic 
movable  cover  of  the  ash-pit,  provided  with  air-holes ;  //  arc  the 
grate-bearere  ;  the  front  bearer/at  the  same  time  carries  the  bot- 
tom plate  for  the  front  wall,  and  ia  perforated  by  round  holes ; 
whilst  //  are  cut  out  in  aemicirclea.  The  arches  are  sprung 
parallel  with  the  working-doora,  and,  by  the  draught-holca  i/g,  are 
in  connexion  with  the  gaa-flues  hh.  The  latter,  like  the  burners 
altogether,  are  cased  in  metal  plates;  they  are  covered  by  fire- 
tiles. 

A  somewhat  more  costly  but  more  perfect  arrangement  is  shown 
in  figs.  53  and  54,  in  front  elevation  and  two  sectional  elevations. 
a  is  the  working-door,  with  the  small  slide  ft  for  observing  the  in- 
terior of  the  burner ;  it  turns  on  hinges,  and,  as  shown  in  fig.  54, 
lies  on  a  projection  of  the  front  plate,  slanting  forward  towards  the 
bottom ;  all  the  metal  parts  coming  into  contact  are  planed  and 
faced,  BO  as  to  close  air-tight.  Just  in  the  same  way  the  doors  c  c 
for  the  grate  and  d  for  the  ash-pit  are  made,  whilst  the  rarely 
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tised  doon  e  and  /  (the  latter  for  the  gas-flue)  are  made  in  the 
same  simple  manner  as  in  fig.  50.  The  hurners  are  supposed  to 
be  the  last  of  the  row ;  so  that  the  nitre-oven  ff,  with  the  semi- 


cylindrical  trough  A,  the  saucer  i,  and  the  hopper  *  are  immediately 
joined  to  them.     The  diagrams  are  all  on  a  scale  of  1  to  50. 
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Working  of  the  Pyrites-burners  for  Lumps. 

In  order  to  start  a  burner  it  is  first,  if  newly  built,  dried  by 
a  slow  fire  in  the  usual  way,  and  then  filled  with  burnt  ore  to 
within  3  inches  below  the  working-door.  If  no  burnt  ore  can 
be  procured,  ordinary  road-metal  &c.  can  be  taken,  broken  suffi- 
ciently to  pass  between  the  grate-bars  when  they  are  turned.  The 
draught-hole  of  each  burner  is  closed  by  a  damper,  and  the  work- 
ing-door is  left  open.  Then  ordinary  fuel,  wood  or  rough  coals 
are  heaped  on  the  ore  and  lighted.  After  twelve  or  twenty-four 
hours  the  burner  and  the  uppermost  layer  of  the  ore  will  have 
reached  a  red  heat ;  the  rougher  parts  of  the  fuel  still  present  are 
then  drawn  out  and  an  ordinary  charge  of  green  pyrites  is  put  on. 
By  the  heat  of  the  burner- walls,  that  of  the  ore  below,  and  the 
fuel  still  present,  the  fresh  ore  will  soon  be  lighted ;  when  it  is 
fully  burning,  the  working-door  is  closed,  the  damper  closing  the 
access  to  the  gas-flue  is  opened,  and  the  gas  allowed  to  go  to  the 
acid-chambers. 

Thus  the  process  is  started ;  and  it  is  now  continued  regularly 
and  uninterruptedly  till  it  has  to  be  stopped  for  external  reasons. 
Repairs  are  very  rarely  necessary  in  pyrites-kilns ;  but  those  of 
other  connected  apparatus  may  compel  their  stoppage.  Some  few 
English  works  put  in  the  dampers  every  Saturday  at  midnight,  and 
only  open  them  at  Sunday  midnight ;  in  the  mean  time  all  other 
openings  are  well  closed ;  and  the  burner  thus  keeps  its  heat  so 
well  that  the  new  charges  at  once  take  fire  when  brought  in.  If 
any  temporary  interruption  of  work  does  not  last  beyond  four  or 
six  days,  usually  the  burners  can  be  kept  hot  enough  in  this 
way  to  be  started  without  any  fresh  lighting-up  by  means  of 
fuel. 

The  regular  burning-process  has  a  double  object,  from  which  all 
the  precautions  to  be  observed  follow.  In  the  first  place,  the  sul- 
phur contained  in  the  ore  is  to  be  burnt  as  far  as  possible ;  and, 
secondly,  a  just  suflBicient  quantity  of  air  is  to  be  employed,  no  more 
and  no  less  than  is  required  for  the  chamber-process.  This  means, 
besides  the  air  necessary  for  burning  the  sulphur  to  sulphurous 
acid,  as  much  more  air  as  is  required  for  oxidizing  the  latter  to  sul- 
phuric acid,  and,  moreover,  a  certain  excess  of  air  found  necessary 
in  practical  work.  Anyhow,  therefore,  the  air  will  be  more  than 
just  sufiicient  for  burning  all  the  sulphur  contained  in  the  pyrites  ; 
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and  the  second  condition  seems  thus  to  imply  the  first.  But  this  can 
only  be  said  for  brimstone  and  for  pure  pyrites  not  containing  any 
zinc  blende  or  galena  &c. ;  for  only  the  former  can  be  desulphurized 
completely  by  their  own  heat  of  combustion.  The  sulphates  of 
iron,  which  are  always  partly  formed  as  intermediate  products,  are 
decomposed  again  at  a  comparatively  low  temperature  into  Fe^Os, 
O,  and  SOg,  or  into  FcgOa  and  SO3,  for  which  the  heat  of  the 
burners  is  quite  sufficient.  This  is  a  little  more  difficult  with  the 
sulphides  of  copper;  but  the  temperature  of  decomposition  of 
CuSO^  is  also  within  a  red  heat.  Moreover  the  copper-extrac- 
tion works  do  not  want  all  the  sulphur  to  be  burnt,  but  allow 
a  residue  of  from  four  to  at  most  six  per  cent,  sulphur  in  the 
cinders.  If,  however,  the  ores  contain  blende  or  galena,  which  on 
burning  are  transformed  into  zinc  and  lead  sulphates,  the  burner 
cannot  possibly  efi^ect  a  total  desulphurization ;  for  these  sulphates 
are  only  decomposed  at  a  strong  white  heat,  which  is  not  allow- 
able in  a  p}rrites-biimer,  and  they  must  thus  remain  as  such  in 
the  cinders.  Furthermore,  if  the  pyrites  contains  calcium  sul- 
phate or  carbonate,  a  corresponding  quantity  of  CaS04  will  re- 
main in  the  residue.  Any  barium  sulphate  present  would  not 
be  taken  notice  of  in  the  testing  of  the  pyrites  or  the  cinders, 
being  classed  among  the  "  insoluble.^^ 

If  we  leave  unnoticed  the  ores  containing  much  zinc  or  lead, 
and  only  speak  of  the  usual  descriptions  of  pyrites,  the  burning  of 
ore  in  lumps  will  reduce  the  sulphur  in  the  cinders  with  good  work 
to  3  or  4  per  cent.  Less  than  3  per  cent,  of  sulphur  very  rarely 
occurs  on  an  average  of  the  whole  year ;  the  contrary  assertions  of 
many  managers,  if  questioned  upon  this  point,  are  refuted  by  the 
analyses  of  the  copper-extraction  works,  which,  according  to 
Wedding  and  Ulrich  (Wagner's  Jahresb.  1872,  p.  156),  in  1871, 
found  3'66  per  cent,  on  the  average.  Most  frequently  the  limit 
stated  above  for  good  works  is  exceeded  ;  many  works  leave  6  or 
8  per  cent,  of  sulphur,  and  even  more,  in  their  cinders,  whilst 
their  neighbours  only  leave  4  or  5  per  cent,  in  the  same  ore. 
The  fault  of  this  may  be  either  with  the  description  of  burner 
employed  or  with  the  style  of  work.  If,  by  the  construction  of 
the  burner,  the  pyrites  lies  in  too  shallow  a  layer,  and  this  is  let 
down  too  soon  on  shaking  the  bars,  it  will  easily  come  out  badly 
burnt.  But  even  if  the  burner  is  quite  rightly  built,  much 
still  depends  upon  the   skill  and  care  of  the  burner-men.    If 
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these  do  not  work  up  the  ore  through  the  door- way  with  strong 
pokers^  if  they  do  not  charge  it  equally  all  over,  slanting  about 
2  inches  towards  the  door  from  the  back  and  the  sides,  if  they 
shake  the  grates  unequally,  so  that  the  ore  comes  down  more 
quickly  in  one  place  than  in  another,  if  the  ore  is  put  in  in  too 
lai^e  pieces,  and  so  forth,  no  proper  burning  can  be  expected. 
The  latter  is  also  intimately  connected  with  an  avoidance  of 
"  scarring/'  which  depends  upon  a  proper  supply  of  air,  to  be 
spoken  of  directly . 

Whether  pyrites  is  properly  burnt  or  not  can  be  recognized  to  a 
great  extent  by  the  eye.  By  the  burning-process  the  pieces  swell 
out  and  burst  in  some  place ;  they  become  light  and  porous,  and 
assume  the  red  colour  of  ferric  oxide,  in  the  case  of  cupreous  pyrites 
a  more  blackish  red  colour.  The  burnt  ore  ought  therefore  to  con- 
sist of  light  porous  pieces  of  the  proper  colour,  apart  from  the 
powder  always  present  in  large  quantity,  which  is  generally  suflSci- 
ently  burnt  oflf.  Already,  on  taking  up  the  larger  pieces,  their 
weight  will  allow  a  rough  judgment  of  the  state  of  the  burning ;  and 
this  can  be  more  distinctly  recognized  by  breaking  the  pieces  and 
observing  whether  they  contain  a  raw  core  in  the  centre.  Also  the 
presence  of  many  slags  (scars)  on  the  cinder-heap  is  a  proof  of  bad 
burning. 

Important  as  these  empirical  signs  are,  no  well-managed  factory 
will  be  satisfied  with  them,  but  will  from  time  to  time,  daily  or  at 
least  twice  a  week,  have  the  cinders  tested,  after  having  drawn  a 
large  sample  and  reduced  it  properly.  At  all  events  the  above- 
mentioned  empirical  signs  have  hardly  any  value  for  smalls. 

The  chemical  testing  of  pyrites  cinders  {burnt  ore)  takes  place 
by  exactly  the  same  methods  as  described  in  the  fourth  Chapter 
for  the  analysis  of  pyrites  itself.  Although  in  this  case  the  utmost 
accuracy  is  not  required,  and  short  methods  might  be  properly 
employed,  there  do  not  seem  to  exist  any  sufficiently  reliable. 
Even  for  this  purpose  the  method  of  Pelouze  is  useless,  as  has  been 
proved  by  many  tests  of  the  author's  and  of  his  former  colleagues. 
But  when  using  a  quick  mode  of  filtration,  such  as  the  long  funnel 
described  on  p.  104,  a  cinder-testing  can  be  finished  in  little  more 
than  an  hour,  if  the  finely-powdered  ore  (2  or  3  grms.)  be  treated  for 
five  minutes  with  hot  aqua  regia,  evaporated  till  just  dry,  diluted  with 
a  little  HCl  and  much  hot  water,  filtered,  and  the  sulphuric  acid 
in  the  solution  estimated  volumetrically  or  even  gravimetrically. 
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The  sulphur  coutaiued  in  the  burnt  ore  is  most  probably  not 
present  as  FeS^,  apart  from  any  quite  raw  cores  in  large  pieces. 
But  even  the  fine  or  quite  porous  cinders,  burnt  as  well  as  possible, 
also  those  from  pure  pyrites  free  from  lead,  zinc,  and  lime,  always 
contain  sulphur;  and  as  this  cannot  well  be  in  the  shape  of  PeS^, 
the  question  can  only  be  whether  they  contain  FeS  or  sulphates  of 
iron  (most  probably  basic  ferric  sulphates),  or  both.  According  to 
Scheurer-Kestner  and  Rosenstiehl(BulL  Soc.  Chim.1868,  ix.  p.  43), 
the  cinders  contain  essentially  FeS  ;  they  give  two  analyses — (i)  of 
properly  burnt  ore,  (ii)  of  on  operation  carried  on  too  hot,  so  that 
the  ore  had  fluxed.  Both  are  from  Sain-Bel  pyrites,  containing 
46*1  per  cent,  sulphur  in  the  pieces  and  49*28  in  the  smalls. 

I.  II. 

Moisture I'O 

FeS 8-5  27-2 

Fe 

S 
Oxide  of  iron      .     .     .  720  624* 

Fe      .     .     .  50-41  4101 

O  .     .     .     .  21-6J  21-4/ 

Quartz 185  104 


I      ...     5-41  17-3 1 

.     ...     31 J  9-9/ 


1000  1000 

According  to  these  analyses  there  would  be  no  ferric  sulphate 
whatever  in  the  residues,  which  is  very  improbable,  as  such  can  be 
proved  by  washing  with  water  (comp.  Bode,  Dingler's  Journal, 
ccxviii.  p.  327,  and  further  analyses  by  Phillips,  Gibb,  Brauning, 
Wedding,  and  Ulrich  in  the  16th  Chapter). 

Richters  (Dingl.  Joum.  cxcix.  p.  292)  gives  the  following  ana- 
lysis of  burnt  ore  from  the  Silesia  works  at  Saarau : — 

Water 435 

Iron 43-36 

Manganese 0*16 

Silica 13-92 

Alumina 4'84 

Lime 002 

*  The  calculation  does  not  agree  here ;  62*4  Fe^Oa  would  contain  43*68  Fe. 
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Zinc  oxide 883 

Sulphur  trioxide 4*35 

Sulphur 1-53 

Oxygen  and  loss 18*64 

Nickel  and  arsenic  ....  traces 


10000 


Fhipson  has  published  the  foUovring  analysis  of  residue  from 
Irish  pyrites  (Chemical  News,  vol.  xviii.  p.  29) : — 

Zinc  oxide 5*50 

Cupric  oxide 2*86 

Manganese  oxide      ....  1*60 

Nickel  and  cobalt  oxide     .     .  0*12 

Cadmium  oxide 001 

Lead  oxide 1*67 

Antimony  oxide 004 

Ferrous  oxide 1*17 

Alumina 325 

Sulphur 2-60 

Thallium traces 

Indium traces 

Gangue 1500 

Ferric  oxide 65  99 

Lime Oil 

Magnesia 008 


10000 


Every  thing  that  has  been  said  on  the  maximum  of  sulphur  in 
the  cinders  to  be  aimed  at,  only  refers  to  the  burning  of  pyrites 
proper — ^that  is  to  say,  of  ores  containing  essentially  FeS^,  and  got 
exclusively  as  a  raw  material  for  vitriol-making,  in  which  case  the 
cinders  are  as  good  as  worthless.  Just  in  the  same  line  are  those 
cupreous  pyrites  (with  up  to  4  per  cent,  of  copper)  whose  copper 
can  only  be  extracted  by  the  wet  process ;  for  these  the  above- 
mentioned  rules  for  the  sulphur  in  the  cinders  are  equally  valid. 
But  the  case  is  quite  different  with  a  number  of  ores  where  the 
residue  from  the  burning  is  regarded  as  by  far  the  most  important 
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product,  and  where  the  gas  is  only  a  by-product,  often  only  con- 
verted into  sulphuric  acid  in  order  to  get  rid  of  it.  To  this 
category  belong  blende,  copper-pyrites,  coarse  metal,  &c.  Here 
the  burning-down  to  the  above-mentioned  minimum  of  sulphur 
is  partly  not  possible,  partly  not  even  desirable  (as  for  copper- 
pyrites)  ;  and  there  exist  for  each  case  definite  rules,  which, 
however,  do  not  belong  to  the  domain  of  acid-making,  but  to 
that  of  metallurgy.  For  that  matter,  even  where  a  larger  per- 
centage of  sulphur  is  required  for  further  metallurgical  operations, 
it  is  more  rational  from  the  standpoint  of  the  acid-maker,  in  order 
to  save  labour,  burner-space,  &c.,  to  burn  the  material  as  well  as 
possible,  and  to  supply  the  necessary  sulphur  afterwards  by  adding 
a  little  green  ore ;  thus,  for  instance,  the  copper-extraction  works 
proceed  when  they  receive  the  cinders  too  far  desulphurized. 

We  now  pass  on  to  the  second  fundamental  condition  of  pro- 
per work  in  the  pyrites-burners,  viz.  that  neither  too  little  nor  too 
much  air  be  employed.  At  this  stage  we  leave  out  of  considera- 
tion the  absolute  quantity  of  air  required,  and  only  treat  of  the 
practical  rules  and  of  the  appearances  observed  in  the  burners 
themselves.  If  too  little  air  is  admitted,  whether  from  too  few 
holes  in  the  bottom  door  being  opened,  or  from  the  damper  in 
the  draught-hole  not  being  enough  drawn,  or  because  the  pipes 
are  stopped  up  with  dust,  or  the  draught  in  the  whole  chamber 
system  is  insufficient  from  one  cause  or  another,  the  same  thing 
will  happen  as  with  sulphur-burners  when  they  get  too  hot :  sul- 
phur will  sublime  as  such,  and  will  be  deposited  in  the  flues,  the 
dust- chambers,  the  Glover  tower,  or  the  chambers  themselves.  It 
is,  however,  a  more  frequent  and  serious  consequence  that,  in  the 
case  of  insufficient  draught,  the  often-mentioned  slags  or  scars  are 
formed.  These,  as  Scheurer-Kestner  and  Rosenstiehl  have  shown 
(/.  c),  consist  mostly  of  iron  monosulphide,  FeS,  which  is  necessarily 
formed  when  FeSg  is  heated  with  exclusion  or  insufficient  supply 
of  air,  along  with  free  sulphur.  It  is  easily  fusible,  and  fluxes  in 
the  burners  to  more  or  less  large  cakes  or  scars,  upon  which  the  air 
has  practically  no  action.  The  FeS  fluxes  all  the  more  easily,  as 
in  the  case  of  insufficient  supply  of  air,  where  no  cooling  by  the 
excess  of  air  takes  place,  locally  more  heat  is  developed  than  when 
the  supply  of  air  is  abundant.  The  scars  mostly  enclose  some 
green  pyrites,  and  in  this  way  also  cause  a  loss  of  sulphur.  A 
much  greater  loss  is  occasioned  by  their  stopping  the  passage  of  air, 
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SO  that  the  ore  above  and  below  a  scar  is  very  incompletely  burnt. 
The  heat  is  locally  increased  and  driven  further  down  than  it  ought 
to  be;  the  zone  of  combustion  is  removed  further  downwards; 
and  on  letting  down  the  ore  the  pyrites  partly  comes  out  incom- 
pletely burnt.  If  scars  have  formed  in  the  burner,  they  naturally 
descend  as  the  cinders  are  let  down,  and  they  would  ultimately  lie 
immediately  on  the  grates  and  entirely  stop  them  up.  This,  how- 
ever, must  at  any  rate  be  prevented.  A  careful  workman  always 
breaks  up  the  surface  of  the  old  ore  before  putting  in  a  fresh 
charge;  and  thus  he  finds  out  whether  any  scars  have  formed, 
which  mostly  takes  place  near  the  surface  :  they  can  then  be  easily 
brought  to  the  surface  by  means  of  hooks  and  pulled  out  at  the 
door.  But  if  they  have  been  overlooked  at  first  and  have  got  lower 
down,  in  doing  which  they  constantly  increase  in  size,  their  removal 
is  more  difiicult.  Then  a  very  large  and  heavy  poker  of  the  best 
tough  iron  (these  are  made  up  to  12  feet  long  and  2  inches 
thick),  bent  in  the  way  shown  in  fig.  55,  is  introduced  into  the 

Fig.  66. 


burner  through  the  charging-hole,  and  the  men  work  it  till  they 
have  got  the  point  a  underneath  the  scar.  Several  men,  working 
at  the  end  b,  then  try  to  lift  up  the  scar,  in  spite  of  the  resistance 
of  the  superjacent  mass  of  pyrites.  This  labour  is  very  disagreeable, 
exhausting,  and  difficult.  The  middle  doors,  between  the  charging- 
door  and  the  grate,  found  in  all  pyrites-burners,  are  only  used 
in  extreme  cases. 

Apart  from  other  causes,  the  supply  of  air  in  a  burner  may  be 
insufficient  because  the  ore  lies  too  deep.  As  the  depth  of  the  ore 
depends  upon  the  vertical  distance  between  the  grate  and  the 
working-door,  it  follows  that  for  ores  behaving  very  difi'erently  in 
this  respect  diiferently  built  burners  must  be  used.  Thus  the  deep 
burners  built  for  Irish  pyrites  had  at  once  to  be  given  up  when 
Spanish  pyrites  began  to  be  used.  With  the  same  height  of  pyrites 
which  was  just  right  for  the  poor  ore,  in  order  to  keep  the  heat 
better  together,  the  rich  cupreous  ore,  in  itself  more  fusible,  be- 
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came  far  too  hot,  and,  moreover,  the  air  could  not  pass  through 
quickly  enough  to  make  a  complete  burning  of  the  ore  possible  at 
every  point ;  from  both  causes  combined  followed  this  effect  (easily 
comprehensible  after  what  has  just  been  said),  that  the  scarring 
became  excessive.  It  is  always  much  more  feasible  to  bum  poor 
ore  in  a  shallow  than  rich  ore  in  a  deep  burner.  Insufficiency  of 
draught,  if  very  considerable,  will  be  easily  recognized  by  the  gas 
blowing  out  of  all  the  joints  of  the  burners,  and  especially  coming 
out  in  force  whenever  the  working-doors  or  the  bottom  door  are 
opened.  On  the  other  hand,  the  draught  is  not  to  be  so  strong 
that  too  much  air  will  get  into  the  chambers ;  the  gas  ought  to  be 
kept  as  rich  as  possible,  as  will  be  shown  hereafter.  It  may  be 
assumed  that  the  draught  is  just  right,  if,  on  opening  the  small  slide 
in  the  working-door,  neither  gas  nor  flame  issues  from  it,  nor, 
on  the  other  hand,  the  flames  inside  the  burner  perceptibly  tend 
towards  the  draught-hole.  They  ought  to  rise  up  perpendicularly 
and  quite  steadily ;  and  on  opening  the  door,  they  may  even  tend 
slightly  towards  it.  As,  however,  the  exact  regulation  of  the 
draught  can  only  be  effected  by  regulating  the  holes  in  the  bottom 
door,  and  as  on  eacli  opening  of  the  doors  above  or  below  the  grate 
much  more  air  must  get  in  than  is  necessary,  of  course  the  times 
during  which  the  doors  are  opened  are  restricted  as  much,  and  the 
charging,  shaking  of  the  grates,  and  discharging  are  managed  as 
quickly,  as  possible.  It  is  very  advisable  to  close  the  holes  in 
the  bottom  door  completely  while  the  top  door  is  open.  If  the 
draught  is  not  very  abundant,  whenever  the  door  is  opened,  there 
wiU  be  no  room  for  so  much  air  rushing  in,  in  consequence  of 
which  a  portion  of  the  gas  will  rush  out  and  get  into  the  burner- 
house  ;  this  is  both  a  loss,  and  a  nuisance  to  the  workmen,  and, 
in  greater  quantity,  also  to  the  neighbours. 

For  regulating  the  supply  of  air  several  plans  are  possible. 
The  regulation  takes  place  either  before  the  grate,  by  the  holes  in 
the  bottom  door,  or  behind  the  grate,  by  means  of  the  damper  in 
the  draught-hole  or  that  in  the  large  chimney  behind  the  chambers. 
The  latter  is  only  available  where  all  the  burners  have  a  common 
gas-space;  otherwise  the  draught  through  the  chimney  must  be 
equal  to  the  maximum  amount  required  for  all  the  burners,  and 
must  be  changed  according  to  the  atmospheric  conditions,  each 
burner  being  regulated  separately.  This  could  be  done  best  and 
most  safely  by  the  dampers  in  the  draught-holes  connecting  each 
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burner  with  the  gas-flue ;  but  these  are  rarely  used  for  this  purpose  ; 
they  would  have  to  be  made  very  tight-fitting,  and  then  would 
easily  be  set  fast  by  flue-dust.  Therefore  here  also  the  draught  is 
made  sufficient  for  all  eventualities.  The  real  regulation  of  the 
air,  at  least  generally  in  England,  takes  place  by  means  of  the 
holes  in  the  ash-pit  door,  of  which  a  sufficient  number  are  closed 
by  plugs  or  otherwise.  Scheurer-Kestner  went  so  far  as  to  pass 
all  the  air  through  a  Comte's  anemometer ;  but  this  can  only  have 
been  done  for  isolated  experiments,  since  such  a  delicate  instrument 
can  hardly  have  been  kept  fit  for  use  for  any  length  of  time  in  an 
atmosphere  thus  exposed  to  acid  vapours  and  to  dust.  It  is 
therefore  left  to  the  burner-men  to  open  or  close  the  holes  in  the 
door  as  required. 

The  supply  of  air  is  usually  regulated  by  the  following  practical 
rules : — At  the  beginning  (that  is,  immediately  after  making  a 
fresh  charge  )the  burner  does  not  want  very  much  air,  till  the  ore 
has  cauglit  fire,  which  will  take  half  an  hour  or  an  hour.  Then 
more  air  must  be  admitted,  always  with  the  above-mentioned 
restriction — that  the  flames  rise  perpendicularly,  and  tend  slightly 
towards  the  slide  when  this  is  opened.  When,  however,  the  prin- 
cipal portion  of  the  sulphur  is  burnt  and  the  flames  become  scarce, 
the  air  is  altogether  shut  oft*,  and  further  action  is  left  to  the  heat 
of  the  burner.  About  two  hours  before  it  is  time  for  recharging, 
the  working-door  is  opened  and  the  ore  is  well  raked  and  turned 
over  by  means  of  a  hook  to  a  depth  of  3  or  4  inches,  and  any  small 
scars  are  removed.  If  herewith  blue  flames  appear  to  any  extent, 
this  proves  the  burning  not  to  have  been  sufficient,  and  a  little  air 
must  be  admitted.  When  the  whole  time  is  up,  be  it  a  twelve- 
hours'  or  a  twenty-four  hours'  turn,  the  air  is  entirely  shut  ofi'  at 
the  bottom,  the  small  doors  covering  the  grate-bars  are  opened, 
and  these  are  turned  two  or  three  times,  leaving  each  alternate  one 
out.  During  this  the  workman  must  look  through  the  working- 
door,  to  see  whether  the  layer  of  ore  is  let  down  evenly  all  over ; 
he  can  easily  manage,  by  the  judgment  of  the  eye,  not  to  let  the 
ore  down  too  much  or  too  little.  Then,  as  quickly  as  possible, 
the  new  charge  of  ore  in  pieces  (usually  with  a  little  dust),  which 
must  have  been  lying  ready  in  front  of  the  burner,  is  put  in,  and 
the  process  begins  again.  It  is  evident  that  there  must  be  a  regular 
rotation,  so  that  a  fresh  burner  comes  in  turn  every  hour  or  so ; 
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this  is  both  indispensable  for  a  regular  evolution  of  gas  and  con- 
venient for  distributing  the  labour  through  the  day. 

The  interior  of  a  burner,  after  the  throwing-in  of  a  fresh  charge, 
is,  of  course,  at  first  quite  black.  Gradually  small  blue  flames 
appear,  which  become  larger  and  more  lively  and  cover  the  whole 
mass.  After  a  few  hours  they  become  scarcer  again ;  but  the  mass 
in  the  mean  time  has  become  red-hot.  Later  on  it  cools  again  ; 
and  towards  the  end  of  the  period  there  is  no  glowing  visible 
at  the  surface ;  but  as  soon  as  the  mass  is  stirred  up,  the  glowing 
appears  again. 

The  men  like  to  employ  a  practical  test,  to  convince  themselves 
that  the  burner  is  not  too  hot  for  recharging,  in  the  shape  of 
strokes  made  with  brimstone  on  the  burner-door  :  so  long  as 
these  take  fire  at  once,  the  burner  is  still  too  hot ;  only  when  they 
remain  is  it  cold  enough  for  charging.  Frequently  it  is  necessary 
to  wait  a  little,  even  for  a  few  hours,  after  shaking  the  grate-bars 
and  letting  down  the  burnt  ore,  in  order  that  the  burner  may 
cool  a  little  before  recharging  it;  this  has  the  advantage  that 
the  top  layer,  by  turning  it  over,  is  caused  to  burn  its  sulphur 
more  thoroughly  than  it  can  be  burnt  after  cold  pyrites  has  been 
thrown  in. 

Generally  it  takes  some  time  before  the  men  get  used  to  a  new 
kind  of  burner  or  of  pyrites.  If  even  skilled  men  are  taken  from 
other  places,  they  require  special  supervision,  and  still  more  if  a 
new  kind  of  pyrites  has  to  be  tried.  If  at  all  possible,  different 
kinds  ought  not  to  be  tried  mixed  up,  but  one  kind  adhered  to  for 
some  time,  because  only  in  this  way  do  the  men  get  used  to  a 
thoroughly  proper  treatment  of  the  burner.  Each  kind  of  pyrites 
requires  a  little  different  treatment  as  to  supply  of  air,  to  breaking 
up,  &c. 

An  extremely  important  assistance  in  regulating  the  burning- 
process  is  the  analysis  of  the  gas,  which,  however,  is  nearly  always 
made  for  a  whole  set  of  burners  together  in  their  common  flue. 
We  shall  enter  into  the  details  of  this  later  on. 

If  a  pyrites-burner  is  working  properly,  it  will,  if  touched  out- 
side, be  so  hot  in  its  upper  part  (say  6  inches  below  the  working- 
door)  that  the  hand  cannot  be  borne  upon  it;  further  down  it 
must  be  cooler ;  and  immediately  above  the  grates  it  ought  to  be 
cold,  or  at  most  hand-warm.  This  is  one  of  most  important  prac- 
tical signs  of  the  proper  working  of  the  burner.     If  a  burner  is  too 
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hot  below,  this  may  be  the  consequence  of  insufficient  draught,  or 
(which  in  the  end  comes  to  the  same  thing)  there  has  either  been 
too  much  pyrites  chained  or  there  is  too  much  dust  in  the  burner, 
which  has  stopped  up  the  interstices.  Too  much  dust  may  come 
from  bad  riddling,  from  too  much  having  been  added  on  purpose, 
from  the  falling  of  the  "  balls  ^'  inside  the  burners,  or  from  the  de- 
crepitation of  "  explosive ''  ores  (comp.  p.  100) . 

In  any  case,  the  first  thing  to  be  done,  apart  from  doing  away 
with  the  cause  of  the  evil,  is  to  cool  again  the  excessively  hot 
burner.  Above  all,  more  air  must  be  admitted ;  and,  in  order  to 
drive  up  the  heat  more  certainly,  the  new  charge  must  be  kept 
back  a  little,  and  the  fresh  ore  not  put  at  all  in  the  middle,  but 
only  along  the  sides  and  the  back  of  the  burner.  It  always  takes 
one  or  two  days,  sometimes  more,  before  a  burner  has  recovered 
its  normal  temperature.  In  specially  obstinate  cases  there  is 
nothing  for  it  but  making  very  small  charges  for  a  day  or  two, 
till  matters  have  come  right  again.  Some  manage  by  taking  out 
the  ignited  top  layer,  allowing  it  to  cool  a  little,  and  putting  it 
back  into  the  burner,  which  in  the  mean  time  has  had  more 
draught,  owing  to  the  lower  depth  of  ore,  and  thus  has  cooled 
itself. 

If  a  furnace  is  allowed  to  go  too  hot  for  any  length  of  time, 
whatever  may  be  the  cause  of  it  (want  of  air,  too  large  charges, 
stopping  up  by  dust,  bad  breaking  up),  the  consequence  will 
always  be  the  same,  viz.  increased  scarring  with  all  its  unpleasant 
accompaniments.  The  author  has  had  to  deal  with  cases  where 
the  scars  became  so  copious  that  the  burner  had  to  be  put  out,  the 
grates  had  to  be  drawn,  the  whole  of  the  stone  taken  out,  and  the 
burner  freshly  filled  up. 

Of  course  it  also  happens  sometimes  that  a  burner  goes  too  cold 
and  the  fresh  charges  take  fire  too  slowly.  This  may  be  caused 
equally  by  a  want  of  draught  or  by  too  small  charges,  and  can  be 
easily  remedied  in  this  case.  If  it  has,  however,  got  so  far  that 
the  new  pyrites  will  not  take  fire  at  all,  nothing  remains  but  put- 
ting in  very  hot  ore  from  some  of  the  other  working  burners ;  in 
this  way  the  matter  may  always  be  put  right  with  some  patience, 
unless  large  scars  are  lying  on  the  grates,  or  there  are  other  serious 
faults,  which  must  be  done  away  with  before  proper  working  of 
the  burner  can  be  expected.  A  frequently  used  but  objectionable 
remedy  against  cold  burners  is  putting  live  coals  on  the  pyrites. 
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Carbonic  acid  is  a  great  enemy  to  the  chamber  process^  probably 
not  so  much  by  diluting  the  gas  (for  its  injurious  action  is  far 
too  great  to  be  attributed  to  that  alone)^  as  by  lying  in  the  lower 
part  of  the  chambers  and  preventing  contact  between  the  chamber- 
gas  and  the  bottom  acid^  till  it  is  removed  by  diffusion.  This 
pointy  however,  is  not  yet  cleared  up. 

A  pyrites-burner  may  also  go  too  cold  if  there  is  too  much 
draught,  if,  therefore,  besides  the  air  required  for  its  intense  work- 
ing there  is  an  excess,  which  only  acts  as  inert  cooling  gas.  This 
is  a  very  great  fault ;  for  in  this  way  the  consumption  of  nitre  is 
increased,  and  the  yield  of  sulphuric  acid  very  much  diminished. 
Long  before  the  burners  cool  from  this  cause,  an  excess  of  air  may 
become  injurious  in  this  way ;  and  by  observing  the  flames  in  the 
burners  (much  better,  however,  by  the  analysis  of  the  gas),  it  must 
be  ascertained  whether  the  proper  proportion  of  air  is  present 
or  not. 

Balard  reports  ('  Rapports  du  Jury  International,'  1867,  vol.  vii. 
p.  29)  that  in  the  first  trials  of  Perret  and  Olivier  for  employing 
pyrites  in  manufacturing  sulphuric  acid,  they  at  last  succeeded  in 
properly  conducting  the  combustion,  but  obtained  a  very  small 
yield  of  acid.  They  ascribed  this  to  an  insufficient  draught,  and 
applied  a  fan-blast;  but  the  yield  instantly  became  minimal. 
Now  the  other  extreme  was  tried ;  the  air-channels  were  quickly 
stopped  up  with  boards  covered  with  sheepskins  and  fastened  by 
stays.  At  once  the  chamber  process  became  regular,  and  the  key 
to  employing  pyrites  in  the  manufacture  of  sulphuric  acid  was 
found.  Probably  the  previous  endeavours  of  Clement-Desormes 
in  this  respect  were  frustrated  by  his  allowing  too  much  air  to 
enter. 

Some  have  warned  against  the  employment  of  damp  pyrites 
(Kerl-Stohmann's  ^Chemie,'  3rd  ed.  vi.  p.  197),  because  in  this  case, 
on  burning,  more  sulphates  are  formed,  which  give  off  sulphur 
trioxide;  this  takes  up  moisture,  and  condenses  as  sulphuric 
acid  before  getting  into  the  chambers,  destroying  the  flues  and 
so  forth.  Even  in  damp  weather  similar  phenomena  are  said  to 
be  observed,  and  a  smaller  yield  is  said  to  be  the  consequence  of 
the  moisture  in  the  air.  The  author,  on  his  part,  has  never  noticed 
such  an  effect  of  damp  weather,  nor  has  he  been  able  to  learn  any 
thing  about  it  elsewhere,  in  spite  of  numerous  inquiries.  It  would 
be  desirable  to  examine  this  point  specially.     The  formation  of 
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sulphur  trioxide,  as  well  as  the  occurrence  of  liquid  sulphuric  acid 
in  the  connecting  tubes,  certainly  has  been  established ;  but  that 
the  moisture  of  the  air  acts  in  a  way  to  increase  that  formation, 
has  not  yet  been  proved. 

He  who  has  no  practical  acquaintance  with  the  matter,  looking 
at  these  numerous  sources  of  mishaps,  may  be  inclined  to  think 
that  the  working  of  a  set  of  pyrites-burners  is  a  most  difficult 
task.  But  it  is  far  from  that.  If  once  the  burners  are  in  order, 
they  remain  very  long  so  if  the  burner-men  know  and  perform 
their  duty  to  any  considerable  extent,  and  if  proper  supervision 
is  exercised  over  them ;  the  pyrites-burners  then  give  even  less 
trouble  than  sulphur-burners.  To  be  sure,  when  they  do  get 
wrong,  it  takes  energetic  and  experienced  management  to  put  them 
right  again. 

It  will  now  hardly  be  necessary  to  explain  in  detail  why  there 
are  only  narrow  limits  for  each  given  burner  and  style  of  charging, 
within  which  the  quantity  of  pyrites  charged  may  vary.  If  too 
much  is  charged,  the  burner  scars ;  if  too  little  is  taken,  it  gets 
cold.  When,  therefore,  for  any  reason  the  daily  quantity  of 
pyrites  has  to  be  cut  down,  it  is  necessary  to  put  out  a  corre- 
sponding number  of  furnaces  and  to  fully  work  the  remainder. 
Only  in  the  case  of  brief  temporary  interruptions  is  it  possible  to 
charge  rather  less  than  usual  for  a  few  days ;  but  the  author  would 
recommend  even  in  this  case  rather  to  allow  the  bulk  of  the  burners 
to  go  on  as  usual,  and  to  keep  the  necessary  number  hot  without 
fresh  charges  by  closing  all  openings.  Then  these  furnaces  will 
be  much  more  easily  put  in  order  by  the  assistance  of  the  other 
burners  in  ftiU  work  than  if  they  had  aU  cooled  down. 

Thus  far  we  have  always  spoken  of  the  burning  of  pyrites  in  pieces. 
It  is  evident  that  the  burning  will  be  all  the  more  regular  the  more 
uniform  the  size  of  the  pieces  is;  but  practically  a  rough  ap- 
proximation to  this  condition,  difficult  to  fulfil  strictly,  is  sufficient, 
such  as  has  been  stated  above — ^viz.,  if  no  coarser  pieces  are 
amongst  it  than  pass  through  a  3-inch  sieve,  and  no  smaller  ones 
than  are  retained  in  a  ^-inch  riddle :  where  there  are  no  special 
apparatus  for  dealing  with  dust,  it  is  even  possible  to  go  down  to 
a  ^-inch  riddle;  but,  anyhow,  the  dust  passing  through  this 
must  be  dealt  with  separately.  This  can  be  done  in  very  different 
ways,  according  to  circumstances.  At  works  which  do  not 
buy  smalls  in  that  state,  the  question  is  only  about   the   dust 
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arriving  along  with  the  bulk  of  the  ore  and  about  that  made  in 
breaking.  Much  more  dust  is  made  when  breaking  by  machine 
than  by  hand — in  the  former  case  up  to  20  per  cent,  with  middling 
hard  ores,  and  even  more  with  soft  ores.  Formerly,  before  rational 
and  really  satisfactory  contrivances  for  the  burning  of  smalls  were 
known,  some  large  works,  which  had  already  mounted  Blake's 
stone-breaking  machine,  went  back  to  the  hand  breaking,  in  spite  of 
its  costing  three  to  six  times  as  much,  merely  in  order  to  avoid  the 
excess  of  dust.  This  was  especially  the  case  with  works  using  soft 
ores,  such  as  the  Tharsis  ore ;  with  Norwegian  ores  the  advantage 
was  always  on  the  side  of  the  mechanical  breaking,  because  these 
are  much  harder  and  make  less  dust.  If  the  quantity  of  dust  going 
through  the  smaller  riddle  docs  not  exceed  1 J  cwt.  to  the  ton,  it 
can  be  got  rid  of,  according  to  the  author's  experience,  without  any 
special  ccntrivance,  in  the  following  way: — ^Thedust  is  sifted  off  as 
usual,  and  a  certain  quantity  of  it  is  laid  down  for  each  burner 
alongside  the  pieces.  If,  for  instance,  the  whole  charge  is  7  cwt., 
6^  cwt.  of  pieces  are  used  and  ^  cwt.  of  dust ;  if  more  than  this  is 
used,  the  burner  easily  gets  out  of  order.  First  the  coarse  ore 
is  charged  as  usual ;  and  then  the  man  throws  the  dust  with  his 
spade  along  the  sides  and  the  back  of  the  burner,  leaving  the  whole 
central  part  free.  Anyhow,  the  ore  ought  to  be  levelled  with  a 
hook,  after  throwing  in  the  charge,  in  such  a  way  as  to  make  it 
higher  along  the  sides  and  back  than  in  the  centre  of  the  burner. 
The  reason  is  this :  the  air  entering  from  below  meets  with  much 
less  resistance  at  the  comparatively  smooth  walls  than  in  the 
centre  of  the  layer  of  ore,  and  it  will  preferably  rise  along  the  for- 
mer ;  the  centre  thus  will  get  less  air  than  the  parts  next  to  the 
walls.  If,  however,  the  latter  lie  at  a  higher  level,  and  especially 
if  the  passage  of  air  is  obstructed  by  the  dust  lying  at  those  places, 
the  draught  will  be  more  nearly  equalized,  and  the  burning  will 
'^ke  place  evenly  all  over  the  area  of  the  burner.  Of  course  it  is 
not  -^ell  to  proceed  too  far  in  this  way. 

The  arrangement  just  described  does  not  suffice  if  more  than 
1  ^  cwt.  of  smalls  to  the  ton  of  pyrites  has  to  be  dealt  with ;  and 
special  arrangements  must  then  be  resorted  to.  Probably  the 
oldest  method,  now  almost  obsolete  in  England,  but  not  yet  on  the 
Continent,  was  the  following : — The  small  ore  is,  without  further 
grinding,  mixed  with  sufficient  clay  to  make  it  plastic,  made  into 
a  puddle  with  water,  formed  into  balls,  and  dried  on  a  steam-boiler 
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or  pjn^tes-bumer.  Rarely  less  than  10  per  cent,  of  clay  will  be 
required  for  tliis^  often  more^  up  to  25  per  cent.  The  balls  are 
then  charged  along  with  lumps  into  the  ordinary  burners^  but  never 
too  many  at  a  time  (at  most  one  sixth  part  of  the  whole  chai^e)^ 
because  they  fall  to  powder  in  the  burner  after  a  time^  and  if 
used  in  a  greater  proportion  would  stop  the  draught.  Only 
locally  is  such  rich  clay  found  that  the  baUs  stand  pretty  well  in 
the  burners  and  can  be  well  burnt  off.  The  workmen  dislike 
them  very  much^  because  they  disturb  the  working  of  the  burners 
even  when  the  above-mentioned  restriction  of  their  quantity  is 
observed ;  if  a  burner  is  not  quite  warm,  they  must  at  once  be  left 
off.  Some,  in  order  to  get  rid  of  them  without  disturbing  the 
burners,  bum  them  by  themselves,  mixed  with  '^  coal  brasses,^^ — 
that  is,  the  pyrites  picked  out  of  coals,  which  always  retains  some 
of  the  latter,  and  therefore  bums  more  vividly  and  gives  out  more 
heat  than  pure  pure  pyrites ;  but  then  it  sends  the  injurious  CO, 
to  the  chambers.  Usually  not  much  is  gained  by  making  the  balls 
with  clay,  since  they  so  quickly  fall  to  pieces  in  the  burner; 
and  nearly  as  much  can  be  done  by  throwing  the  dust  at  once  into 
the  burner  and  saving  the  cost  of  making  the  balls.  Only  by  a  very 
strong  admixture  of  clay  can  the  disintegration  of  the  balls  be 
prevented ;  but  then  the  loss  of  sulphur  and  the  contamination  of 
the  burnt  ore  is  all  the  greater.  In  both  cases  the  sulphur  left  in 
the  burnt  ore  rises  very  much,  from  6  to  8  per  cent,  and  more. 
Where  the  cinders  go  to  copper-extraction  works,  these  usually 
prohibit  the  use  of  clay  for  balls. 

These  clay  balls  are  connected  with  so  many  drawbacks,  that 
something  else  was  soon  looked  for.  This  was  indispensable 
where  nothing  but  smalls  could  be  obtained,  or  where  they  could 
be  procured  so  cheaply  that  acid-makers  wished  to  dispense  entirely 
or  partially  with  using  lump  ore.  At  the  pyrites-pits  there  are 
usually  enormous  heaps  of  smalls,  which  formerly  were  not  sale- 
able at  all  and  would  sometimes  have  been  given  away  for 
nothing,  just  to  make  room.  In  other  places  pyrites  only  occurs 
in  a  loose,  roughly  crystalline  shape ;  and,  again,  in  others  it  is 
obtained  by  wet  preparation  altogether  in  the  state  of  smalls. 
Thus  there  was  great  encouragement  for  constructing  apparatus 
for  burning  small  pyrites  in  large  quantities. 

The  oldest  contrivances  for  burning  small  pyrites  by  itself  are 
close  furnaces  or  muffles,  the  construction  of  which  has  several  times 
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been  patented  as  a  new  invention.  But^  essentially^  Spence's 
fomaces  are  identical  with  those  of  Imeary  and  Richardson;  and 
long  before  both^  Grodin  at  Stolberg  had  used  such ;  also  the  Belgian 
fours  h  dalles,  mentioned  in  the  Official  Report  of  1856^  are  nothing 
else.  All  such  furnaces  consist  of  a  long  muffle  whose  bottom^  made 
of  fire-tiles,  is  heated  below  by  a  coal  fire,  whilst  on  the  top  of 
it  'the  pyrites  dust  is  spread  in  a  thin  layer  and  is  burnt  by  the 
air  entering  at  several  places,  with  the  assistance  of  the  heating 
from  below ;  the  sides  and  roof  of  the  muffle  are  formed  of  brick- 
work ;  and  the  gas  is  conveyed  into  lead  chambers  as  usual. 

Concerning  the  shape  of  the  furnaces,  probably  the  worst  was  that 
of  the  Belgian  fours  a  dalles  (Belgian  Official  Report  of  1856,  p.  21). 
They  had  a  surface  of  from  270  to  320  square  feet,  formed  by  flags 
resting  on  several  longitudinal  walls ;  below  there  were  four  or 
five  fireplaces,  divided  over  the  length  of  the  furnaces,  and  four  or 
five  working-doors  in  the  muffie  itself.  The  burnt  ore  was  tipped 
into  a  cave  by  means  of  a  hole  in  the  bottom.  The  fresh  ore  was 
charged  through  a  hopper  or  one  of  the  doors.  In  twenty-four 
hours  up  to  5  tons  of  dust  were  burnt  in  six  or  eight  portions ;  and 
it  lay  4  or  6  inches  deep.  The  operations  of  charging,  burning,  &c. 
took  a  great  deal  of  time,  during  which  the  doors  had  always  to 
stand  open,  and  much  false  air  got  in.  Every  half-hour  the  whole 
layer,  only  burning  at  the  surface,  had  to  be  turned  over ;  and  it  is 
no  wonder  that  the  yield  was  here  even  worse  than  with  the  simul- 
taneously employed  fours  h  grille.  The  fours  h  dalles  were  justly 
prohibited  by  law,  on  account  of  the  large  escape  of  gas  from  them ; 
and  Chandelon  in  1871  found  none  of  them.  The  Report  of  1856 
recommends  to  the  factories  to  use  in  their  place  balls  made  with 
clay ;  but  this  is  not  practicable  for  large  quantities. 

The  furnace  of  Spence  consists  of  a  large  muffie  (figs.  56  &  57), 
similar  to  the  Belgian  furnaces,  but,  more  rationaUy,  only  provided 
with  one  fireplace,  a,  at  one  end,  whose  flame  travels  along  the 
whole  length  of  the  furnace  in  the  flues  i,  i,  and  thus  gives  up  its 
heat  much  better  than  could  be  the  case  in  the  Belgian  fur- 
naces. Spence  s  furnaces  were  from  40  feet  long  and  6  to  9  feet 
wide  inside ;  but  when  heated,  as  in  Swansea,  by  the  waste  heat 
of  copper- smelting  furnaces,  their  length  was  restricted  to  30  feet. 
On  the  other  hand,  on  the  Tyne,  even  in  1873,  furnaces  of  100  feet 
length  were  in  existence ;  but  soon  after  they  went  out  of  use  there. 
The  great  length  of  the  furnaces  was  intended  to  save  fiiel.     The 
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crown  of  tlie  arch  is  15  inches  above  the  furnace-bottom.  Spence's 
furnace  for  50  feet  length  hu  twelve  working-doorsj  13  inches 
long  and  4  inches  high  (more,  if  longer),  e,^,e";  the  pyrites  dust 


is  put  in  through  the  door,  e,  furthest  from  the  fire,  only  so  much 
at  a  time  that  it  can  lie  in  layers  of  2  or  3  inches  in  the  space 
between  two  doors  without  getting  mixed  with  the  previoiia  charge. 
When  the  whole  furnace  is  full,  the  ore  at  e"  (nearest  the  fire- 
bridge), wliich  has  been  the  longest  time  in  the  furnace,  is  taken  out 
by  the  opening  /,  the  following  charge  is  moved  towards  e",  and  so 
forth,  BO  that  at  e  room  is  made  for  a  fresh  charge.  The  air  is 
principally  supplied  by  the  discharging-channeiy,  where  its  volume 
can  be  easily  regulated,  as  well  as  through  the  working-doors,  which 
are  only  too  often  open.  The  gas  goes  througli  ff  to  the  acid- 
chambers.  The  ore  thus  first  gets  to  the  coldest  part  of  the  fur- 
nace, is  gradually  moved  forwards  towards  its  hotter  part  as  it 
becomes  poorer  in  sulphur,  and  at  the  same  time  meets  air  richer 
in  oxygen — no  doubt  a  very  rational  process,  which,  connected  with 
good  turning  over,  ought  to  permit  a  very  good  burning.     If  the 
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coarse  parts  are  first  sifted  off,  the  inventor  and  the  treatises  state 
that  only  2  per  cent,  of  sulphur  are  left  in  the  cinders ;  but  the 
author  knows  that  even  with  fiimaces  100  feet  long  7  per  cent,  of 
sulphur  was  the  usual  limit.  If  a  fresh  charge  is  put  in  every  two 
hours^  each  of  them  will  remain  twenty-four  hours  in  the  furnace ; 
each  charge  is  10  cwt. ;  that  is,  daily,  6  tons  per  furnace.  Within 
the  furnace  an  ample  evolution  of  white  vapours,  consisting  of  SOj, 
is  noticed ;  this  is  either  formed  by  the  contact  of  the  SOg  and  the 
oxygen  of  the  air  with  red-hot  ferric  oxide,  or  more  simply,  and  in 
this  case  more  likely,  by  the  decomposition  of  the  ferric  sulphate 
found  in  the  cooler  parts  as  it  gets  to  the  hotter  ones.  Spence 
points  this  out  as  a  special  advantage  of  his  furnace,  and  even 
asserts  that  nitre  is  saved  in  this  way ;  but  he  forgets  that  the  only 
difference  is  this,  that  the  vapours  of  anhydride  can  be  more  easily 
seen  in  the  comparatively  dark  muffle  than  in  a  red-hot  burner. 

The  drawbacks  of  Spencers  and  all  similar  furnaces,  which  have 
led  to  their  being  abandoned  again,  probably  everywhere,  are  espe- 
cially the  following.  As  in  the  Belgian  furnace,  the  turning 
over  of  the  ore  and  its  removal  from  one  stage  to  another  takes 
much  time,  which  means  much  wages  and  much  getting-in  of  false 
air ;  the  latter  must  cause  a  large  consumption  of  nitre  (according 
to  Richardson  and  Watts,  vol.  i.  pt.  v.  p.  201,  thirteen  or  fourteen 
parts  to  100  of  sulphur)  and  bad  yield  in  the  chambers.  To  this 
the  consumption  of  fuel  for  firing  must  be  added,  which  is  stated 
differently,  but  amounts  to  at  least  half  the  weight  of  ore.  If  the 
flags  of  the  furnace-bottom  do  not  keep  quite  close,  there  is,  ac- 
cording to  the  draught,  either  a  suction  of  fire-gas  into  the  chambers, 
or,  more  probably,  of  sulphur-acid  into  the  fire-gas  and  thus  into 
the  chimney — one  about  as  bad  as  the  other.  It  is  still  woi'se  if  it 
is  attempted  (almost  in  vain)  to  lessen  the  consumption  of  fuel  by 
making  a  double  arch  (which  has  been  done  at  some  works),  and 
allowing  the  flame  to  circulate  not  merely  underneath  the  bottom, 
but  also  over  the  roof  of  the  muffle  ;  in  this  case  the  likelihood  of 
losing  a  great  deal  of  gas  by  cracks  in  the  furnace-roof  is  still 
greater.  Lastly,  also  the  quantity  of  residual  sulphur  is  very 
considerable,  unless  the  ore  is  finely  ground  before  using. 

Only  for  metallurgical  purposes  are  such  furnaces  still  in  use, 
although  even  here  (for  instance  for  blende),  latterly,  better  appa- 
ratus have  supplanted  them.  But  in  these  cases  the  residue  is  the 
main  thing,  the  sulphurous  acid  only  a   secondary  matter,  and 
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the  convenience  of  keeping  the  former  clean  &c.  is  the  paramount 
consideration. 

A  modification  of  the  long  muffle  of  Spence  is  that  patented  by 
Imeary  and  Richardson^  in  which  the  furnace-bottom  is  divided 
into  a  number  of  single  hearths,  each  of  them  4  to  6  inches  higher 
than  the  preceding  one  nearer  the  fireplace  (Hofmann,  Report  by 
the  Juries,  p.  14 ;  Richardson  and  Watts,  /.  c. ;  Wagner^s  Jahresb. 
1859,  p.  137).  The  advantage  of  better  keeping  apart  the  indi- 
vidual charges  will  hardly  make  up  for  the  greater  complication  in 
the  construction;  however,  the  furnace  has  been  several  times 
erected  in  this  shape.  A  new  modification  of  Spencers  furnace 
(also  employed  a  long  time  before  him  by  Godin  at  Stolberg  and 
at  several  other  German  works)  consists  in  arranging  several 
hearths  one  on  the  top  of  another.  The  work  of  moving  the  single 
charges  forward  certainly  proceeds  here  better  and  more  quickly. 
The  access  of  air  was  to  be  diminished  by  rakes  sliding  in  stuffing- 
boxes;  but  having  got  so  far,  the  fireplace  ought  to  be  left  out 
altogether,  as  Mal^tra's  burner  has  shown  (see  below) .  The  older 
German  furnaces  with  several  shelves  did  not  work  well  at  all. 

After  the  drawbacks  and  the  costliness  of  the  muffle-furnaces 
worked  by  a  coal  fire  had  been  clearly  proved  by  prolonged  use, 
the  problem  of  utilizing  the  heat  generated  in  the  combustion  of 
the  pyrites  itself  for  carrying  out  the  process  was  taken  in  hand 
in  several  quarters.  One  class  of  apparatus  for  this  purpose  con- 
sists in  a  combination  of  burners  for  pieces  and  for  dust  in  such 
a  way  that  the  heat  generated  in  burning  the  pieces  is  used  for 
burning  the  dust.  To  this  class  belong  the  simple  plates  over  the 
ordinary  burners,  the  burners  of  Perret  and  Olivier,  and  those  of 
Hasenclever  and  Helbig. 

Another  class  of  apparatus  goes  beyond  this,  and  emancipates 
itself  entirely  from  the  use  of  pyrites  in  pieces,  so  that  it  is  capable 
of  more  general  use.  To  this  class  belong  the  burners  of  Gersten- 
hofer,  the  new  one  of  Hasenclever  and  Helbig,  that  of  Maletra,  and 
that  of  Macdougall — also  that  of  Walter,  which  has  a  special  appli- 
cation. 

We  must  here  mention  a  plan  which  does  without  any  special 
dust-burners,  and  only  represents  an  improvement  (certainly  of 
great  importance)  in  making  the  balls  :  this  we  shall  describe  first. 
It  is  based  upon  the  fact  that  pyrites,  if  in  the  shape  of  very  fine 
powder,  mixed  with  water  cakes  together  to  a  solid  mass  without 
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the  aid  of  any  plastic  substance.  This  is  caused  by  the  fine  pyrites 
dust^  in  the  presence  of  water  and  air^  beginning  to  oxidize  very 
BOODj  even  at  the  ordinary  temperature ;  thus  basic  ferric  sulphate 
is  formed^  which  firmly  cements  together  the  separate  grains  of 
dust.  This  result  only  takes  place  to  a  sufficient  extent  if  the 
grains  of  dust  are  very  fine  and  the  mixture  with  water  very  perfect ; 
and  this  can  never  be  attained  by  merely  sifting  and  moistening 
the  fine  ore.  The  ore  must  therefore  be  ground  finely  with  water 
in  a  mill,  for  which  purpose  usually  the  so-called  pug-mills  are  used, 
a  kind  of  vertical  mortar-mill,  sometimes  with  revolving  bottom 
dish,  or,  if  the  dish  is  stationary,  with  a  mechanical  arrangement 
for  throwing  out  the  mixture  as  soon  as  it  has  reached  the  proper 
consistency.  The  pyrites  smalls  are  thrown  into  the  mill,  water 
is  run  on,  and  the  mill  is  run  till  a  homogeneous  mixture  similar 
to  fine  mortar  has  been  formed,  which  by  itself  has  somewhat 
plastic  properties.  This  mass  is  dried  in  layers  of  ^  inch  thickness 
on  the  top  of  the  pyrites-burners,  often  in  cakes  about  18  inches 
square;  and  after  twenty-four  or  thirty-six  hours  it  has  hardened 
sufficiently  for  use.  It  is  then  broken  up  into  pieces  of  the  same 
size  as  the  lump  ore,  and  charged  along  with  this  into  ordinary 
pyrites-burners.  In  this  it  is  not  necessary  to  observe  a  certain 
proportion ;  for  the  balls  made  in  this  way  are  so  hard  that  they 
can  be  thrown  to  the  ground  without  being  broken,  they  do  not 
fall  to  powder  in  the  burners,  and  bum  out  as  well  as  lumps ; 
their  cinders  are,  of  course,  of  the  same  value  as  those  from  lump 
ore,  whilst  those  mixed  with  clay  make  the  utilization  of  the 
ferric  oxide,  at  last  obtained  at  the  copper-extraction  works,  very 
difficult. 

The  only  drawback  of  this  process  is  this,  that  the  mills  suffer 
very  much  wear  and  tear  from  the  hard  pyrites.  In  spite  of  this  it 
is  general  in  the  large  English  works,  and  has  been  reintroduced 
by  those  who  had  adopted  Gerstenhofer's  or  Macdougall^s  burners. 
The  labour  of  grinding,  carrying  to  the  top  of  the  burners  for 
drying,  taking  down,  breaking  up,  and  laying  down  in  front  of  the 
burners,  amounts  to  Is,  4d,  per  ton.  To  this  must  be  added  6rf. 
for  coals  for  working  the  mill,  and  wear  and  tear  of  the  same, 
altogether  about  2s.,  apart  from  the  wages  for  the  burning  itself 
(another  2s.  per  ton) . 

The  simplest  plan  for  utilizing  the  heat  of  an  ordinary  pyrites- 
burner  for  burning  dust  is  the  placing  of  metal  or  fire-clay  plates 
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above  the  burning  lump  ore,  and  that  only  in  one  tier.  In  this 
case  the  burner  is  not  changed  in  any  material  respect,  but  is 
only  made  somewhat  higher,  and  its  front  plate  is  ])rovidcd  with 
doors  for  the  dust-plates.  Such  contrivances,  in  one  shape  or 
another,  have  been  used  long  ago ;  that  which,  for  a  few  years,  was 
much  in  use  on  the  Tync  is  stated  by  SlacCulloeh  {Cliem.  News, 
xxvii.  p.  125)  to  have  been  introduced  by  himself  into  Allhuscn's 
works.     The  plates  (which  are  visible  in  tig.  58  at  u  a)  arc  divided 

Fig.  68. 


into  two  halves  for  each  burner,  each  of  the  halves  having  a  surface 
of  1  ft.  6  in.  X  5  ft.,  aud  1  inch  thick,  resting  in  front,  at  the  back, 
and  at  one  side  in  the  brickwork,  and  provided  on  the  free  side 
with  a  3-inch  flange  for  preventing  the  dust  from  falling   off.     A 
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further  support  is  given  to  the  plates  by  a  wrought-iron  bar  pass- 
ing through  the  burner- roof ;  without  this  they  would  easily  sag 
in  the  middle  when  red  hot.  Each  half  is  served  by  a  separate 
door  in  the  front  plate,  which  turns  on  hinges ;  and  if  one  of  the 
two  plates  is  worn  out,  it  can  be  replaced  by  another  one  in  a  few 
minutes  after  lifting  out  the  door.  This,  according  to  MacCulloch, 
is  only  necessary  once  every  six  months;  in  reality  it  happens 
much  more  frequently.  The  doors  principally  serve  for  charging 
the  dust  by  means  of  an  appropriately-shaped  spade,  and  for 
turning  it  once  every  three  hours.  Each  plate  receives  1  cwt. 
of  dust,  which  is  left  on  twenty-four  hours ;  thus  every  burner  can 
manage  daily  2  cwt.,  with  a  charge  of  6^  to  7  cwt.  in  the  burner 
itself,  of  which  up  to  2  cwt.  [?]  may  be  dust  also. 

In  spite  of  MacCulloch's  assertions  to  the  contrary,  it  must  he 
stated,  from  the  practical  observations  of  those  who  have  worked 
with  such  plates,  that  they  have  not  been  a  success.  The  ore-dust 
is  generally  not  sufficiently  burnt  in  the  24  hours ;  on  stirring  it 
up  much  false  air  gets  into  the  chambers ;  and  the  plates  soon  warp 
and  become  unserviceable.  Plates  of  fire-clay  are  preferable,  if  they 
can  be  obtained  to  stand  from  the  first.  The  plates  sometimes,  if 
too  near  the  layer  of  ore  in  the  burners,  cool  it  too  much.  The 
wages  for  burning  the  dust  on  them  amount  to  4*.  per  ton. 

The  principle  of  those  plates  had  long  before  been  carried  out 
in  a  much  more  perfect  way  by  Pcrret  (the  inventor  of  the  first 
properly  working  pyrites-burners)  and  Olivier.  Their  burner  is 
shown  in  figs.  59  and  60  on  a  scale  of  1  to  100.  iMg.  59  shows 
a  sectional  elevation  in  one  direction,  fig.  60  in  another  direction. 
Four  of  these  burners  are  always  built  together  so  as  to  form  an 
oblong  mass ;  they  work  well  only  in  this  way,  because  otherwise 
too  much  heat  is  lost  by  radiation.  In  the  lower  space  A  the 
lump  ore  is  burnt  on  a  grate  A,  which  in  the  diagram  is  represented 
as  consisting  of  movable  bars  passing  by  means  of  stuffing-boxes 
through  the  front  wall ;  it  may,  however,  be  in  any  other  convenient 
form.  C  is  the  ash-pit,  with  the  door  c,  through  the  holes  in  which 
the  necessary  air  is  admitted.  The  doors  d  serve  for  charging  the 
ore  in  pieces.  Up  to  this  point  we  have  got  an  ordinary  burner 
before  us ;  but  above  this  there  is  an  erection  B  for  burning  the 
dust.  A  number  of  fireclay  slabs,  a,  3  inches  thick,  are  placed 
one  above  the  other ;  the  fine  ore  is  put  upon  them  in  a  layer  of 
2  inches  thickness,  and  it  is  ignited  and  burnt  off  by  the  hot  ga* 
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giveu  off  ill  the  burner  below.  The  latter  travels  by  cbaniieU,  e, 
left  in  the  burner-wall,  aud  visible  in  fig,  59  on  tbe  long  wall,  in 
fig.  60  at  each  side  over  each  of  the  plates,  as  shown  by  the  arrows 
in  fig.  60 ;  the  newly  formed  sulphurous  acid  is  carried  along  by  the 
flues  /  to  the  acid-chambers.  The  small  holes  i,  closed  by  clay 
stoppers,  allow  the  burning  to  be  observed.  The  openings  g,  closed 
by  metal  doors,  serve  for  putting  in  the  fine  ore  and  also  for 
drawing  the  same,  after  bunting,  into   the   channel  D,   formed 

rig,  m. 


■  between  the  doors  and  the  plates  along  the  whole  width  of  the 
burner.  During  the  working  itself  the  channel  I)  remains  filled 
with  burnt  ore,  and  thus  compels  the  gas  to  travel  over  all  the 
plates.  When  these  have  to  be  newly  charged,  first  the  channel 
D  ia  emptied  through  the  door  h ;  the  latter  is  closed  again,  and 
the  burnt  ore  from  the  lowest  shelf  drawn  into  tbe  channel  D, 
whose  size  is  bo  arranged  that  it  is  just  filled  by  the  burnt  dust 
up  to  the  level  of  the  fireclay  plate.     Now  the  lowest  shelf  receives 
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fresh  duBt,  its  door  y  is  closed,  and  the  burnt  ore  is  drawn  from 
the  second  shelf  into  the  chennel  D,  which  thereby  is  jast  filled 
up  to  the  level  of  this  shelf  itself.  Thus  the  operation  ia  continued 
till  all  the  plates  have  been  covered  with  fresh  dust.  According  to 
Schwarzenberg  such  a  burner  allows  of  bnming  65  parts  of  dast 
to  SS  of  pieces ;  but  according  to  statements  of  actual  work,  only 
equal  parts  can  be  burnt.  Usually  lead  pans  are  mounted  on  the 
top  of  the  burners,  in  which,  without  any  fuel,  all  the  chamber-acid 


ia  brought  from  112°  Tw.  up  to  144° ;  but  in  several  works,  since 
tbe  pans  are  easily  melted  by  carelessness  of  the  attendants, 
they  are  placed  beside  the  burners  and  heated  by  the  passing 
gas.  The  beat  of  the  gas  has  also  been  employed  for  firing  steam- 
boilers. 

According  to  Michel  Perret  (Wurtz,  Diction,  de  Chimie,  iii. 
p.  141),  if  the  layer  of  ore-dust  is  not  deeper  that  20  millims.  (say 
j  inch),  its  oxidation  is  perfect  down  to  the  bottom  without  any 
sitmng ;  the  residual  sulphur  amounts  to  4  or  6  per  cent,  both  in 
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the  dust  and  the  lumps  (Balard,  '  Rapport  du  Jury  International/ 
1867,  p.  21 ;  Scheurer-Kestner,  in  Wurtz,  /.  c.  p.  142). 

The  burner  shown  in  the  diagrams  has  seven  shelves  and  a 
height  of  about  20  feet  above  the  ground-level ;  so  that,  in  order  to 
serve  the  plates,  it  must  be  half  sunk  in  the  ground  and  a  pit 
made  for  it,  which  is  very  troublesome  and  causes  much  labour. 
This  drawback  has  been  avoided  latterly  by  reducing  the  distance 
of  the  plates  from  8  inches  (as  shown  in  the  diagram)  to  4  inches, 
and  by  employing  only  four  shelves  instead  of  seven  (Perret  had 
originally  employed  eight  plates,  and  had  then  gone  up  to  sixteen, 
arranged  in  two  sets  alongside  one  another ;  the  gas  was  obliged 
to  descend  from  the  top  shelf  of  one  set  to  the  bottom  shelf  of  the 
other — a  very  objectionable  arrangement).  By  this  the  burners 
have  become  much  handier,  viz.  only  6  ft.  6  in.  high,  and  they 
can  now  be  entirely  served  from  the  ordinary  ground-level ;  but, 
of  course,  less  dust  can  be  burnt  in  them.  To  be  sure,  in  spite  of 
the  ingenious  arrangement  of  the  vertical  channel  D,  filled  witli 
burnt  ore  and  thus  shutting  off  the  gas,  so  much  air  is  said  to  get 
into  the  burner  in  charging  that,  according  to  Balard  (/.  c.  p.  22), 
1  per  cent,  nitre  to  100  sulphur  is  consumed  in  addition  to  that 
used  with  ordinary  burners  for  lumps  {?). 

Olivier-Perret's  burner,  as  we  have  seen,  is  not  free  from 
faults,  and,  moreover,  has  the  drawback  that  it  is  tied  to  a  certain 
proportion  of  dust  to  the  lumps ;  but  in  spite  of  this  it  has  been 
extensively  employed  in  France,  and  not  merely  by  the  Societe  de 
St.  Gobain,  which  had  associated  itself  with  Perret  and  Co.  Out- 
side of  France  it  has  been  very  little  introduced ;  in  England 
first  the  muflfles,  then  the  pugging  of  the  dust,  in  Germany  formerly 
Gerstenhofer^s  and  Hasenclever's  burners  have  been  preferred ;  and 
latterly  Olivier-Perret's  burner  has  been  supplanted  to  a  great  ex- 
tent in  its  own  country  by  the  so-called  Maletra's  burner.  Where 
pieces  have  to  be  burnt  along  with  a  moderate  quantity  of  dust,  at 
most  their  own  weight,  the  modified  low  Perret^s  burner  can  be. 
recommended  even  now-a-days,  especially  as  it  makes  less  flue-dust 
than  Maletra's. 

The  same  principle  which  underlies  the  just-described  burner, 
is  carried  out  in  a  quite  diflferent  way  in  the  burner  of  Hasen- 
clever  and  Ilelbig,  which  is  shown  in  figs.  61-63.  It  is  a  com- 
bination of  a  burner  for  lumps  and  another  for  smalls.  The 
burners  for  lumps,  a  a,  resemble  very  much  the  Belgian  ones,  and 
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are  properly  one  single  burner  whose  grate,  consisting  of  movable 
bam,  is  divided  into  four  compartments  by  dwarf  walls^  b  b.     The' 


height  of  these,  and  accordingly  that  of  the  layer  of  ore,  is  only 
1  ft.  4  in.,  vrhich,  for  most  descriptions  of  pyrites,  is  decidedly  too 
little,  but  which  could  be  increased  without  altering  the  principle 
of  the  apparatus.  The  gas-space  is  very  high,  and  common  to  all 
the  burners;  the  drawbacks  of  this  arrangement  have  been  already 
mentioned  on  p.  167.  This,  however,  has  nothing  to  do  with  the 
principle  of  dust-burning,  as  for  this  the  construction  of  the  burner 
for  pieces  is  less  material.  The  gas  of  the  latter  rises  in  a  tower- 
like apparatus,  in  which  eight  shelves  of  fire-clay,  dd,  of  a  shape 
shown  in  the  diagram,  are  placed.  The  free  parts  of  the  plates 
have  an  inclination  of  38"  to  the  horizontal,  and  cause  the  small 
ore  (which  may  be  a  mixture  of  dust  and  "  peas  ")  to  be  burnt  at 
the  sur&ce  of  its  natural  slope  of  33°;  the  renewal  of  the  surfaces  of 
the  ore  and  its  passage  through  the  apparatus  are  managed  by  taking 
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away  some  burnt  ore  at  the  bottom  by  the  roller  /,  either  continu- 
ously or  periodically,  so  that  from  above  the  ore  must  slide  down- 
Mards  after  it  from  plate  to  plate.  The  fresh  ore  is  first  put  into 
the  hopper  e,  where  it  at  the  same  time  serves  as  a  gas-lute  for  the 
buriier-gas,  and  from  this  gets  onto  the  first  shelf,  and,  as  more 
ore  is  taken  away  at  the  bottom,  gradually  onto  the  other  plates, 
whereby  its  surface  is  continually  renewed.  The  space  below  the 
shelves  and  above  the  ore  serves  as  a  channel  for  the  burner-gas. 
The  latter  travels  upwards  in  the  direction  shown  by  the  arrows, 
first  from  B  to  C  and  on  the  next  shelf  from  C  to  B,  and  thus  in  a 
zigzag  motion  at  last  arrives  in  the  cylinder  D,  through  which  it  is 
carried  away  to  the  acid -chambers. 

This  apparatus,  in  twenty-four  hours,  bums  on  the  plates  15  to 
20  cwt.  of  small  ore  of  a  size  up  to  one  third  of  an  inch ;  on  the 
grates  in  the  four  compartments  48  cwt.  According  to  a  later 
communication  by  Hasenclever  (Wagner^s  Jahresb.  1874,  p.  233), 
10  to  16  cwt.  of  smalls  can  be  burnt,  generally  down  to  37  to  6*5 
per  cent,  of  sulphur  in  the  cinders ;  the  higher  figures  are  reached 
in  the  cases  of  ore  mixed  with  copper  pyrites,  galena,  blende,  &c. 
The  size  of  the  grain  may  reach  f  inch. 

The  Hasenclever- Hel big  burners  have  been  introduced  in  a  large 
number  of  German  and  Austrian  works,  and  were  generally  recom- 
mended. The  greatest  advantage  which  they  seem  to  possess  as 
against  Olivier-Perret's  burner,  viz.  the  automatic  movement  of 
the  ore,  with  continuous  renewal  of  the  surfaces,  was  not  quite  so 
great  as  it  had  been  imagined,  because  the  tower  had  to  be  looked 
after  several  times  a  day,  and  the  sliding  down  of  the  ore  had  to  be 
assisted  by  a  thick  iron  wire,  Sandy  ores  and  ^'  peas ''  slide  well 
down ;  but  floury  ores  are  not  well  adapted  for  this  apparatus,  ex- 
cept when  mixed  with  coarser  grain.  By  separating  the  finer  fjoni 
the  coarser  pieces  of  ore,  the  burning  of  the  latter  is  so  much 
improved  that  it  is  possible  to  come  down  to  2  per  cent,  of  sul- 
phur against  5  per  cent,  when  mixed  with  the  peas  and  a  little 
dust. 

Usually  the  burnt  ore  in  the  Hasenclever  tower  is  continuously 
removed  by  the  roller  /,  which  is  automatically  turned  once  every 
6ve  minutes  by  a  miniature  water-wheel.  At  Liesing,  near 
Vienna,  every  six  hours  intermittently  the  cinders  of  about  4  cwt. 
of  ore  are  removed,  which  suits  l)etter  for  fine  dust  (Hasenclever, 
in  Hofmann's  'Bericht,^  1875,  i.  p.  162). 
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This  apparatus,  as  scea  from  the  description,  gets  through  mucli 
lesB  Binalls  in  proportion  to  the  pieces  than  Olivier-Perref  s ;  and  it 
is  accordingly  only  adapted  for  burning  the  smalls  made  in  break- 
ing, but  not  for  working  up  smalls  supplied  alone.  It  is  a  great 
advantage  of  this  tower  that  ail  smalls  up  to  ^  inch  can  be  burnt 
directly  without  grinding. 

In  1873,  according  to  the  French  official  Report  on  the  Vienna 
Exhibition  (ii.  p.  5),  already  forty-six  Haseuclever-Helbig  burners 
had  been  built ;  but  it  does  not  appear  how  many  were  specially 
intended  for  sulphuric-acid  making  and  how  many  were  still  at 
work.  So  much  is  certain,  that  the  majority  have  been  done  away 
with  again,  to  make  ro^m  for  the  shelf  burners  on  Maletra'a 
.system. 

Several  other  constructions  for  burning  small  ore  have  been 

Fig.  64. 
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indicated  by  Hasenclcver,  eapecialty  those  adapted  for  blende~for 
instance,  combinations  of  a  muffle  with  an  open  roaster  (Dingler's 
Journal,  ccvi.  p.  274;  also  in  Hofmann's  'Bericht,'  1875,  i.  p.  168); 
we  shall,  however,  only  give  that  which  is  preferred  by  Haaenclever 
himself,  in  the  diagrams  figs.  64—67. 

The  ore  is  filled  into  a  funnel  at  the  top ;  and  before  getting  into 
the  muffle  it  must  pass  over  a  large  inclined  plane,  heated  from 

Fig.  66. 
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below  by  the  waste  fire  of  the  blind  roaster.  If  the  ore  were 
allowed  to  slide  down  freely  on  this  plane,  inclined  at  an  angle  of 
43°,  there  would  be  formed  at  the  end  of  this 
a  heap  more  than  5  feet  high,  since  finely 
powdered  bodies,  on  being  tipped  down, 
form  a  nearly  constant  slope  of  83° ,  thus  a 
burning  in  the  interior  of  the  mass  would 
be  impossible.  Therefore  there  are,  at  dis 
tances  of  18  inches,  partitions,  dd,  re- 
moved an  inch  or  so  from  the  inclined  plane, 
and  causing  the  formation  of  thin  lajers 
of  ore  along  the  whole  slope.  The  partitions 
have  a  lateral  opening,  and  are  so  mounted 
that  the  SOj  from  the  blind  roaster  tra- 
vels in  the  direction  indicated  by  the  arrows  in  fig  67  a  long 
way  over  the  fine  ore,  and  ultimately  gets  at  g  through  a  flue  into 
a  brick  chamber.  Thus  the  gas  is  made  richer,  and  the  ore  is 
gradually  bnmt.  The  fire-fluea  below  the  inclined  plane  are  readily 
accessible  from  the  aide,  and  can  be  easily  cleaned  during  the 
working. 

From  the  sloping  plane  the  ore  gets  into  the  blind  roaster  by 
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means  of  a  roller  at  /,  which  is  hollow,  so  that  air  can  circulate 
iDside  and  cool  it.     It  is  moved  hy  a  small  water-wheel,  and. 


according  to  the  quantity  of  water,  which  is  r^ulated  by  a  tap, 
every  two  or  5  minutes  throws  a  small  quantity  of  duat  onto  the 
bottom  of  the  mufiQe.  By  the  movement  of  the  roller  the  ore  on 
the  inclined  plane  is  obliged  to  slide  backwards.  Every  two  hours 
the  ore  collected  at  the  bottom  ia  spread  over  tlie  bottom  of  the 
blind  roaster,  and  gradually  moved  forward  till  it  gets  to  the  open- 
ing o,  and  falls  down  to  the  hearth  for  burning  it  off  by  direct  fire, 
The  SO,  given  off  on  the  bottom  hearth  is  lost  along  with  the 
(ire-gas,  whilst  the  gas  from  the  blind  roaster  and  from  the  inclined 
plane  is  used  for  the  manufacture  of  sulphuric  acid.  The  tempe- 
rature of  the  furnace  is  so  high  that  antimony  melts  in  all  parts 
of  it.  It  utilizes  even  poor  blendes  with  advantage ;  for  an  ore 
with  only  20  per  cent,  sulphur  still  yielded  gas  with  6  per  cent,  of 
SOj  by  volume.     There  were  in  the  ore : — 

At  the  end  of  the  inclined  plane  it  b  still   .     ,     .10     p.  c.  S. 

„  „  muffle  at  0 6'4      „ 

Burnt  off  at  p 1-2       „ 

The  reverberatory  furnace  is  heated  by  a  gas-generator  k,  in  order 
to  obtain  a  regular  heat  and  save  fuel. 

These  furnaces  have  beeu  proved  to  be  very  well  adapted  for  blende 
(Zeitsch.  f.  d.  chem.  Grossgew.  i.  p.  76) .  They  are  not  only  found 
at  the  Bbenania  works  at  Stolberg,  but  also  at  Lethmate  near 
Iserlohn,  at  Oberhauseu,  and  at  Schoppinitz  in  Silesia.  They  are 
said  not  to  require  more  coals  than  ordinary  open  roasters  (28  per 
cent,  of  the  green  blende),  but  1«,  7d.  more  wages  per  ton,  which 
is  more  than  made  up  by  the  sulphuric  acid.     At  Reckehutte,  at 
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Schoppinitz  in  Silesia^  there  are  eight  such  furnaces  at  work,  each 
of  which  in  twenty-four  hours  makes  from  3^  tons  of  green  blende 
and  2  tons  of  coal  (this  is  about  60  per  cent.,  not  28  per  cent. !), 
2  tons  15  cwt.  of  calcined  blende  with  at  most  1  per  cent,  of  sul- 
phur :  three  men  per  shift  do  the  work.  The  most  suitable  grain 
of  ore  is  ^  inch  ;  coarser  ore  is  calcined  incompletely,  finer  ore  does 
not  slide  down  continuously,  unless  mixed  with  coarser  grain. 
It  gets  from  the  blind  roaster  into  the  open  one  with  10  or  12  per 
cent,  of  sulphur.  Each  four  furnaces  are  connected  with  a  set  of 
chambers  of  a  capacity  of  135,000  cubic  feet,  with  Glover  and 
6ay-Lu8sac  towers,  and  in  twenty-four  hours  supply  6  tons  of 
vitriol  of  50  per  cent.  =  4  tons  of  66°  Baume. 

At  Lethmate,  of  the  32  per  cent,  sulphur  contained  in  the  blende, 
20  per  cent,  are  conveyed  into  the  chambers  as  SO3,  7  per  cent, 
escape  (likewise  as  SO3)  with  the  fire- gas,  and  5  per  cent,  remain 
in  the  burnt  ore,  which  is  once  more  crushed  between  rolls  and  put 
back  into  the  furnace  (comp.  also  p.  113). 

From  a  further  communication  of  Hasenclever's  (Dingl.  Journ. 
ccxxvii.  p.  71)  it  appears  that  now  the  average  percentage  of  sul- 
phur in  the  ore  at  the  end  of  the  muffle  is  8*75  ;  but  sometimes  it 
amounts  to  12  or  16 ;  the  manufacture  of  sulphuric  acid  from  blende, 
therefore,  pays  very  badly  at  the  low  price  of  pyrites,  and  the  just- 
mentioned  amount  of  sulphur  is,  after  all,  sent  into  the  air  as  SO2 
and  SOj.  He  describes  unsuccessful  effbrts  at  fixing  these  gases  by 
balls  made  of  common  salt  (according  to  Hargreaves),  by  simulta- 
neous mixture  with  sulphuretted  hydrogen  and  water,  and  by  the 
employment  of  fan-blasts  and  coke-towers  fed  with  water.  In  tlic 
latter  case,  at  all  events,  the  SOg  remains  mostly  behind,  and  can 
only  be  made  harmless  [?]  by  dilution  with  air  and  very  high 
chimneys.  The  absorption  of  the  acids  succeeded  better  than  by 
a  fan-blast  by  the  employment  of  a  lead-tower  of  20  feet  diameter 
and  50  feet  high ;  but  even  this  only  condenses  a  portion  of  the 
SO3,  which,  as  is  well  known,  is  difficult  to  condense  in  the  state 
of  anhydride. 

The  same  drawback,  viz.  the  escape  of  acid  vapours,  not  spe- 
cially in  the  case  of  blende,  but  generally  in  the  manufacture 
of  sulphuric  and  hydrochloric  acids,  is  sought  to  bs  avoided 
by  an  English  patent  of  Rayner  and  Crookes  (28th  July,  1875), 
which  it  is  best  to  mention  in  this  place.  They  propose  to  con- 
duct the  gas  through  a  cylindrical  or  globular  vei?sel  revolving 
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round  a  hollow  axle ;  by  means  of  the  latter  absorbents,  such  as 
caustic  soda,  alumina,  quicklime,  carbonate  of  soda  or  of  lime,  are 
to  be  brought  into  intimate  contact  with  the  gaa,  either  in  the 
solid  or  in  the  liquid  state ;  the  escaping  COg  can  be  used  for 
manufacturing  bicarbonates.  A  practical  application  of  this  pro- 
posal does  not  appear  to  have  taken  place  as  yet. 

All  the  described  apparatus  for  burning  small  pyrites  depend 
upon  an  external  source  of  heat.  Whilst  the  mufiSes  consume 
ordinary  fuel,  the  other  arrangements  presuppose  the  assistance  of 
pyrites  in  lumps,  at  least  of  the  same  weight  as  that  of  the  dust, 
mostly  more.  This  evidently  does  not  satisfy  all  requirements ; 
for  there  occur  enormous  masses  of  pyrites  as  smalls,  either  coming 
from  the  mines  as  such,  or  produced  by  separation  in  the  wet  way, 
and  in  some  cases,  such  as  zinc  blende,  the  mineral  is  purposely 
pulverized,  and  no  pieces  at  all  come  in.  For  these  cases,  where 
no  lump  pyrites  could  be  employed  at  the  same  time,  previous 
to  Gerstenhofer^s  invention  only  muflfle-fumaces  could  be  used, 
with  all  their  drawbacks.  Although  this  could  be  done  very  well 
in  the  case  of  blende  and  other  ores,  where  the  metal  was  the 
main  thing  and  the  sulphurous  acid  altogether  a  secondary  matter, 
it  could  only  be  done  exceptionally  and  with  great  trouble  for 
ores  where  the  sulphur  forms  the  principal  valuable  portion.  The 
invention  of  Gerstenhofer's  burner  was  therefore  received  with 
great  joy  and  somewhat  too  highly  strung  hopes;  and  if  this 
burner  has  not  fulfilled  all  expectations,  it  has  at  any  rate  given 
an  impulse  to  the  construction  of  apparatus  more  serviceable  for 
the  manufacture  of  sulphuric  acid. 

The  furnace  of  Moritz  Gerstenhofer  first  became  publicly  known 
in  1865,  although  it  seems  to  have  been  in  operation  a  little  earlier. 
The  descrip  ion  and  diagrams  of  it  will  be  reproduced  here  from 
Schwarzenberg's  treatise,  p.  415.  Figs.  68  to  71  represent  such  a 
furnace  on  a  scale  of  1  to  50,  viz. : — fig.  68,  a  vertical  section  through 
the  lines  V  V  of  the  plans  figs.  70  and  71,  along  with  a  front  ele- 
vation ;  fig.  69  a  vertical  section  through  the  line  X  X  of  the  plans 
figs.  70  and  71 ;  fig.  70  a  sectional  plan  through  the  line  Y  Y  of 
figs.  68  and  69,  and,  besides,  a  view  from  the  top ;  and  fig.  71  a 
sectional  plan  throu^^h  the  line  Z  Z  in  figs.  68  and  69. 

The  inner  shaft  of  this  burner,  which  is  lined  with  fire-bricks,  is 
17  feet  high,  4  feet  3  in.  long,  and  2  feet  7^  in.  wide  inside.  It 
must  first  be  brought  to  a  white  heat  by  putting  in  a  temporary 
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grate  a,  walling  up  the  openiug  /,  and  lighting  a  strong  fire  through 
the  openings  c ;  the  lower  door  b  allows  the  air  to  enter.  During 
thia  time  the  burner  is  not  coanected  with  the  acid-cliamber,  but 


by  a  aide  flue  with  the  chimney,  which  draws  off  the  products  of 
Combostion.  When  the  furnace  has  got  up  to  a  white  heat,  the 
mpply  of  ore  is  comnicnced.  The  ore  must  be  put  on  as  a  per- 
fectly dry  powder  of  regular  grain,  sifted  beforehand.  It  is  put 
into  the  cast-iron  box  A,  which  ou  the  top  is  continued  into  a 
irooden  hopper,  and  which  contains  the  charging  arrangement 
for  regulating  the  supply  of  ore.  Tliis  consists  of  two  fluted  rollers 
3  inches  in  diameter  outside,  3  inches  between  the  flutes,  with  flutes 
I  inch  wide,  turned  round  their  axles  in  opposite  directions  by  the 
toothed  wheel  d  worked  from  the  pulley  e.  By  the  speed  of  these 
rollers  the  supply  of  ore  is  regulated ;  in  the  beginning  they  are  only 
allowed  to  revolve  once  in  five  minutes,  at  which  rate  it  takes  seven 
hotu«  to  fill  the  burner.  The  cover  /,  adjustable  to  different  dis- 
tances from  the  rollers,  protects  them  against  the  pressure  of  the  ore. 
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The  rollers  allow  the  ore  to  fall  into  the  slit  ^^  which  is  luted  by  the 
ore  lying  over  the  rollers,  so  that  no  gas  can  escape.  Through  g  the 
ore  falls  upon  the  fireclay  prism  «,  and  from  this,  spread  on  both 
sides,  onto  a  series  of  four  prismatic  fireclay  bars,  which  divide  it 
again  and  allow  it  to  drop  on  a  tier  of  seven  similar  bars  lower 
down.  Fifteen  similar  tiers  follow  below  these,  consisting  alter- 
nately of  six  and  of  seven  bars,  so  disposed  that  the  intervals  of 
each  upper  tier  are  covered  by  the  bars  of  the  next  lower  tier. 
The  ore  gradually  drops  through  into  the  lower  part  of  B,  being 
caught  at  each  passage  by  a  series  of  bars  of  the  lower  tier,  and, 
after  it  has  attained  its  natural  slope  on  the  same,  dropping  further 
down  again  on  both  sides.  As  soon  as  the  fourth  tier  (counted 
from  below)  is  filled,  the  fire  is  drawn  firom  the  grate  a,  the  grate- 
bars  are  singly  pulled  out,  the  holes  walled  up,  and  the  lower  part 
of  shaft,  serving  up  to  this  time  as  an  ash-pit,  is  cleaned  and  closed 
up  to  the  holes  required  for  supplying  the  necessary  air;  then 
the  gas  is  still  allowed  for  a  short  time  to  escape  through  the  chim- 
ney ;  at  length  the  connexion  with  the  chimney  is  shut  off  com- 
pletely, and  that  with  the  acid-chambers  is  opened.  Formerly, 
by  means  of  a  fan-blast,  hot  air  was  always  supplied ;  now  only  cold 
air  and  natural  draught  are  employed  when  burning  pyrites  or 
copper-pyrites :  the  reasons  for  this  have  been  explained  in  a  pam- 
phlet on  this  furnace  by  Bode  (*  Beitrage  zur  Theorie  und  Praxis 
der  Schwefelsaurefabrikation,^  Berlin,  1872,  p.  105).  For  very 
badly  burning  sulphides,  such  as  blende,  hot  air  is  still  preferred. 
The  ore  in  dropping  down  is  brought  into  intimate  contact  with 
the  air  coming  from  the  bottom,  and  with  its  increasing  oxidation 
and  desulphurization  it  meets  air  always  richer  and  richer  in  oxygen, 
so  that  its  complete  burning  is  much  facilitated.  The  sulphurous 
acid,  the  oxygen  in  excess,  and  the  nitrogen  go  from  the  burner 
through  the  flues  m,  provided  with  cleaning-doors  n,  into  the  main 
flue  C,  and  from  this  through  the  dust-chamber  D  towards  the 
acid-chambers.  The  openings  o  and  py  usually  closed  by  iron 
doors,  serve  for  cleaning  the  main  flue  and  the  dust-chamber. 
The  latter  is  covered  with  metal  plates,  on  which  the  ore  is  dried. 
The  front  wall  contains,  between  the  tiers  of  the  bars,  the  openings 
q^  closed  with  iron  boshes  r,  which  in  front  have  a  round  hole 
stopped  by  an  earthenware  plug.  These  serve  for  observing  the 
ore  and  for  introducing  an  iron  hook  when  the  spaces  between 
the  bars   have  to  be  cleaned,  which  is  done  once  every  three 
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hours.     Also  in  the  upper  part  of  the  burner,  the  flue-dust  there 
collecting  must  be  pushed  ofl^  now  and  then  by  means  of  the  boshes 
s  (fig.  68).     Fig.  72  shows  the  details  of  the  boshes  and  of  the  fire- 
Fig.  72. 


clay  bars.  In  such  a  burner  5  tons  daily  (according  to  some— only 
2  tons  according  to  others)  can  be  burnt ;  Bode  (p.  42)  states  the 
proper  figure  for  pyrites  as  2^  to  8  tons.  In  this  case  the  space  B 
must  be  cleaned  out  once  every  six  hours  ;  to  lessen  the  entrance 
of  false  air,  the  rake  is  put  in  through  a  small  easily  closed  recess  in 
the  movable  door  i.  The  burner  requires  the  labour  of  four  men, 
who,  however,  can  serve  several  burners.  The  re«\ilt  is  principally 
dependent  upon  the  skill  and  attention  of  the  man  who  has  to 
clear  the  spaces  between  the  fireclay  bars.  During  normal  burn- 
ing the  highest  temperature,  a  white  heat,  is  present  about  the 
middle  of  the  height ;  higher  up  it  decreases  to  a  low  red  heat ; 
the  lowest  layers  of  ore  are  not  even  red-hot.  If  too  much  air 
gets  in,  the  heat  spreads  higher  up ;  with  too  little  air  it  comes 
lower  down ;  the  burner  in  the  former  case  gets  too  hot,  in  the 
latter  too  cold.  In  the  former  case  less  air  is  admitted  or  more 
ore  is  put  in  by  quickening  the  movement  of  the  charging  rollers ; 
if  by  too  hot  work  fluxing  of  the  ore  sets  in,  the  green  ore  must 
be  mixed  with  burnt  ore  till  all  is  put  right. 

Schwarzenberg,  as  well  as  Knapp  (^  Chem.  Technologic,'  i.  2, 
p.  314),  very  highly  commend  this  burner  for  metallurgical  ope- 
rations, but  doubt  its  usefulness  in  the  manufacture  of  vitriol, 
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both  on  account  of  the  large  quantity  of  flue-dust  and  of  the 
liability  to  &acturc  of  the  fireclay  prisms.  Bode  contests  these 
objectiona,  but  admits  others.  According  to  him,  the  heat  need  not 
exceed  a  red  heat ;  the  clay  prisms,  if  made  of  good  materialj  stand 
▼ery  well ;  if  one  or  two  arc  broken,  it  does  not  matter  much  ;  and 
they  can  easily  be  removed  and  replaced.  The  fiuc-dust  is  more 
considerable  than  in  muffles,  but,  when  the  work  is  most  hardly 
driven,  only  amounts  to  7  per  cent.,  otherwise  only  to  5  per  ceut. 
The  construction  has  therefore  been  simplified,  as  shown  in  figs. 
73  and  74.  a  a  are  lateral  openings  in  the  arcb,  connected  with 
the  side  flues  bb;  the  latter  are  connected  backwards  with  the 
flue-dnst  chamber  at  c ;  but  they  first  meet  the  brick  curtain  d,  by 
which  the  current  of  gas  is  deflected  downwards,  and  thus  the  de- 
pmition  of  the  dust  is  assisted.  The  flues  b  b  arc  continued  towards 
the  front,  and  closed  by  a  plate ;  if  the  flues  arc  to  be  cleared,  the 
plate  is  removed  and  the  deposit  pushed,  by  means  of  a  rake,  partly 
into  the  furnace-shaft,  through  a,  and  partly  into  the  chamber, 
through  c,  which  can  be  done  in  a  few  minutes.  If  2  tons  are 
burnt  in  twenty-four  hours,  this  need  only  be  done  onee  a  week. 
A  further  contrivance  for  lessening  the  quantity  of  dust  is  shown 
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in  fig.  7o,  from  which  it  is  seen  that  the  ore  drops  down  in  two  jets, 
but  not  immediately  in  front  of  the  opening  for  the  escaping  gas. 
Bode  further  describes  some  improvements  in  drawing  out  the  burnt 
ore,  with  the  view  of  restricting  the  nishing-in  of  false  air  to  a 
minimum.  He  also  contradicts  the  assertion  that  the  flue-dust 
chamljer  is  acted  upon  by  the  hot  acid  vapours.  In  his  pamphlet. 
Bode  specially  notices  the  objection  urged  against  the  Geriten- 
hofer  burner,  that  it  does  not  permit  complete  desulphurization. 
Galena  certainly  cannot  be  treated  in  it,  any  more  than  in  any 
other  apparatus,  so  as  to  obtain  sulphurous  acid  from  it,  for  rea- 
sons mentioned  before.  Blende,  however,  if  finely  ground,  can  be 
got  down  to  5  or  6  per  cent,  sulphur,  which  certainly  necessitates 
further  calcining  in  an  open  roaster,  but  still  pays  for  making 
sulphuric  acid  (p.  112).  "Coarse  metaP'  with  25  to  29  per  cent, 
snlphur,  12  to  14  per  cent,  of  which  should  be  removed,  is  easily 
treated  in  this  burner,  and  yields  gas  of  6  per  cent.  SO^.  Iron 
monosulphidc,  which  is  obtained  at  Freiberg  as  residue  from  subli- 
mating arsenical  sulphuret,  can  only  be  used  if  mixed  with  smalls 
from  rich  pyrites.  Pyrites,  according  to  Bode,  gives  richer  gas 
and  better-desulphurized  cinders  (2' 75  to  5  per  cent.)  than  the 
same  ore  in  pieces  in  the  ordinary  burners.  In  this  case,  however, 
the  general  practice  contradicts  Bode ;  for  bad  desulphurization 
has  been  the  cause  of  Gerstenhofer's  burners  being  done  away 
with  again  in  several  places.  Thus  at  Messrs.  Muspratt's  works  at 
Widnes  and  Flint,  the  ore,  after  once  passing  through  the  burner, 
still  contained  12  per  cent,  sulphur.  It  appears  that  now  this 
burner  is  only  used  for  metallurgical  purposes,  where  the  sulphu- 
rous acid  is  merely  a  secondary  consideration.  For  poor  ores 
especially  it  is  useful,  and  furnishes  strong  gas  available  for  sul- 
phuric-acid making.  Where  complete  desulphurization  is  not  re- 
quired, it  still  seems  the  best  of  all  apparatus,  and  is,  for  instance, 
still  used  at  Freiberg  for  the  preliminary  roasting  of  mixed  ores. 
For  rich  pyrites,  however,  it  has  not  been  able  to  make  its  way,  and 
has  been  abolished  again  at  Chauny,  Widnes,  Nienburg,  Stol- 
bcrg,  and  other  places.  Out  of  Germany  it  appears  to  be  at  work 
exclusively  at  Swansea,  for  roasting  coarse  metal  in  copper- 
smelting. 

The  question  whether  this  burner  is  well  adapted  for  ores  and 
metallurgical  products  inclined  to  flux,  is  mostly  answered  in  the 
affirmative;   the  question  respecting  flue-dust  is  mostly  decided 
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against  it.  A  drawback  of  Gerstenhofer's  burners  not  to  be  over- 
looked is  this,  that  they  only  work  well  with  ore  of  equal  grain. 
The  expense  and  trouble  of  attaining  this  have  contributed  to  their 
rejection  in  English  works.  Bode  himself  (Dingl.  Journ.  ccxii. 
p.  58)  states  that  the  grain  ought  not  to  exceed  1  millim.  (^^  inch); 
otherwise  very  much  sulphur  remains  in  the  cinders.  This  con- 
dition, very  difficult  to  realize  on  a  large  scale,  probably  explains 
the  unsatisfactory  results  in  England.  Whether,  as  asserted  there, 
more  nitre  is  consumed  with  them  than  with  other  contrivances 
for  burning  smalls  is  not  quite  clear. 

Whilst  the  ingenious  and  original  invention  of  Gerstenhofer  has 
not  fulfilled  the  hopes  which  it  had  raised,  at  any  rate  for  the  manu- 
facture of  sulphuric  acid,  another,  extremely  simple  invention  has 
been  crowned  with  very  great  success.      Juhel,  the  manager  of 
Maldtra^s  works  at  Rouen  (the  author  has  heard  this  name  stated 
as  Jouelle),  had  the  idea  of  cutting  the  Olivier-Perret  furnace 
(which  is  inconvenient  to  attend  to  and  requires  as  much  lump  ore 
as  smalls)  in  two — that  is,  of  burning  the  lumps  by  themselves  and 
mounting  the  plates  for  the  smalls  separately.     He  thus  applies  the 
same  principle  which  Gerstenhofer  had  employed,  and  the  mathe- 
matical proof  of  which  had  been  given  by  Bode  in  his  ^Beitrage,^  viz. 
that,  for  the  small  ore  as  well,  its  own  heat  of  combustion  is  quite 
sufficient  when  once  the  process  has  been  started.    Maletra's  burner, 
as  it  is  generally  called  (although  Mal^tra  himself  was  not  the  in- 
ventor), is,  so  to  say,  the  egg  of  Columbus.     This  burner,  the 
simplest  and  cheapest  of  all  dust-burners,  has  become  comparatively 
slowly  known  ;  but  since  1 873,  when  it  became  better  known  by  the 
ViennaExhibition,  it  has  spread  on  the  Continent  with  extraordinary 
rapidity,  whilst  it  has  attracted  little  attention  in  England.     The 
first  burner  out  of  France  seems  to  have  been  erected  at  the  works 
of  Schnorf  Brothers,  at  Uetikon,  near  Ziirich,  in  1870;  in  Ger- 
many the  first  was  erected  at  Kunheim's  works  in  Berlin.     Even 
if,  as  it  would  seem,  some  form  of  these  simple  shelf  burners  had 
been  previously  in  use  here  and  there,  their  successful  application 
for  burning  pyrites  smalls  seems  first  to  have  been  efi'ected  by 
Mal^tra's  works. 

Fig.  7Q  gives  a  longitudinal,  fig.  77  a  cross  section,  the  latter 
through  two  furnaces.  Usually  a  whole  set  is  built  in  a  row.  In 
order  to  start  it,  a  coal-grate,  a,  and  fire-door,  A,  are  provided,  which 
are  walled  up  when  the  burner  has  got  up  to  a  white  heat.    During 


SULPHURIC  ACID. 


this  time  the  top  working-door  remains  open.  Then  the  five  plates 
c,d,e,f,g  are  charged  with  Bmall  ore  through  the  doors  h,i,k, 
whereupon  the  pyrites  takes  fire  at  once.     The  air  enters  through 


/,  and  is  regulated  at  will.  The  gas  travels  over  all  the  plates 
in  a  serpentine  line,  indicated  hy  the  arrows,  escapes  through  m 
into  the  dust- chamber,  b,  and  through  o  into  the  acid-chamher,  or 
into  another  dust-chamber.  The  chamber  n  is  covered  by  a  metal 
plate,  p,  upon  which  lead  pans,  r,  r,  are  placed,  in  which  alt  the 
chamber-acid  can  be  concentrated  from  1 12°  to  144°  Tw.  The  acid 
of  one  pan  communicates  with  tliat  of  another  (as  usual)  by  siphons 
or  by  simple  run-overs.  Each  of  the  shelves,  which  arc  8  feet  long 
and  5  feet  wide,  consists  of  eight  plates  in  two  rows  of  four  each  ; 
they  rest,  at  the  sides,  in  the  walls  of  the  bunier,  in  the  middle 
on  fireclay  bearers,  s,  s,  whose  shape  is  better  shown  in  fig.  78. 
They  are  not  equidistant,  as  can  be  seen  in  the  drawing ;  the 
upper  shelves,  where  more  gas  is  evolved,  are  more  widely  apart 
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than  the  lower  ones,  where  the  radiant  heat  of  the  shelves  is  all  the 
more  useful.     The  best  distance  for  the  upper  shelves  is  4^  inches. 


In  order  to  burn  a  larger  quantity  of  pyrites,  it  is  not  possible  to 
leave  the  ore  lying  quietly,  as   in   Olivier- 
Perret's  burner :  since  here  the  external  heat-  '*^' 

ing  by  the  lump  ore  is  missing,  the  combus- 
tion would  be  too  incomplete,  and  the  beat 
would  soon  get  so  low  that  the  burning  would 
ceaae.  Tlie  mass  must  therefore  be  moved, 
which  is  done  in  the  following  way  : — Every  four  hours  the  con- 
tents of  the  lowest  plate,  g,  are  drawn  through  the  door  k  onto  the 
arch  I  {which  is  level  at  the  top,  but  slopes  behind},  after  the  burnt 
ore  lying  on  the  same  haa  first  been  pushed  through  the  same  door 
i,  to  the  opening  into  the  pit  u.  Theu,  through  the  door  i,  the  eon- 
tents  of/ are  pushed  down  to  the  plate  g,  and  there  levelled  again. 
Thus  the  higher  plates  are  successively  treated,  till  the  highest 
plate,  c,  is  emptied,  and  can  be  charged  with  fresh  ore.    If  four  fur- 


218  SULPHURIC  ACID. 

naces  go  together,  one  of  them  is  on  turn  every  hour.  The  contents 
of  the  pit  u  are  removed  once  a  day  by  the  door  v.  The  move- 
ment of  the  ore  by  removal  from  one  shelf  to  another  causes  its 
thorough  combustion,  and  thus  also  raises  the  heat.  Four  furnaces 
of  the  above  dimensions  bum  daily  3  tons  of  pyrites.  From  6^  to 
7  lb.  of  ore  are  calculated  for  each  superficial  foot  of  shelving. 

The  burning  in  Maletra's  burners  is  excellent.     At  Uetikon 
48-per-cent.  Lyons  pyrites  is  regularly  burnt  down  to  1  per  cent., 
at  most  H  per  cent.,  of  sulphur — ^that  is,  better  than  in  any  of  the 
burners  hitherto  mentioned.     At  Kunheim^s  works  the  figures  are 
1*45  to  1*9  per  cent,  sulphur.     It  is  doubtful  whether  the  shelf 
burner  answers  as  well  for  poor  ores  as  for  rich  ones ;  probably  for 
the  former  Gerstenhofer^s  is  preferable.     But  the  shelf  burner  has 
one  drawback  :  the  frequent  opening  of  the  doors  for  pushing  on  the 
ore  requires  much  labour,  and  allows  much  false  air  to  get  in,  with 
its  attendant  efiects  on  chamber-space,  yield  of  vitriol,  and  con- 
sumption of  nitre.     Possibly  the  mechanical  furnaces  next  to  be 
described  would  remedy  this   drawback;    but  they  must  neces- 
sarily increase  another  drawback  mentioned  in  connexion  with 
the  shelf  burner,  viz.  flue-dust.      In  the  case  of  MacDougalPs 
burner  this  has  actually  prevented  its  employment  in  certain  cases. 
To  be  sure.  Bode  (Dingl.  Joum.  ccxxv.  p.  279)  has  found  the  gas 
from  the  shelf  burners  very  rich  indeed,  viz.  (in  the  case  of  one  just 
started,  and  served  by  unskilled  men)  ranging  from  6  to  8*20  per 
cent.  SO^ — that  is,  just  as  good  as  from  ordinary  lump-burners. 
Bode  has  never  noticed  any  scarring,  and  has  found  that  more  sul- 
phur can  be  left  in  the  cinders,  if  this  is  desirable,  for  further  metal- 
lurgical operations.  All  the  statements  received  by  the  author  (from 
a  number  of  works)  agree  in  this,  that  the  yield  and  the  consump- 
tion of  nitre  at  works  using  the  shelf  burners  are  at  least  as  favour- 
able as  in  any  other  works  where  nothing  but  pieces  are  used. 

Maldtra's  burner,  which  has  now  obtained  general  acceptance  in 
Germany,  has  been  improved  by  Schafiner,  P.  W.  Hofmann,  Bode, 
and  others.  Kunheim  charges  both  sides  together;  so  that  the 
time  during  which  the  doors  are  open  is  much  shortened.  The  burner 
allows  the  use  of  pieces  up  to  §  of  an  inch  in  diameter.  Two  men 
per  shift  usually  serve  from  one  to  four  burners.  One  man  attends 
upon  four  of  Bode's  burners,  consuming  3  tons  of  ore  in  21  hours, 
and  at  the  same  time  gets  out  the  burnt  ore.     For  wheeling  this 
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away  one  man  is  occupied  for  three  hours  every  other  shift.  Bode's 
patent  circular  set  of  burners  seems  to  be  a  particularly  rational 
arrangement. 

The  shelf  burner  constructed  by  Mr.  SchaflFner,  of  Aussig, 
through  whose  kindness  I  am  enabled  to  give  detailed  drawings  of 
the  same^  is  considered  one  of  the  best  modifications  of  this  appa- 
ratus. It  is  shown  in  figs.  79  to  83.  It  has  seven  plates^  each 
served  through  its  own  door — three  on  one  side,  four  on  the  other. 
On  the  first  side  there  is  also  the  ash-pit  door^  18  inches  square^  for 
drawing  out  the  cinders,  which  is  thus  done  in  the  usual  way,  not 
by  the  rather  inaccessible  pit  of  Mal^tra.  The  doors  all  slide 
with  their  planed  margins  on  equally  planed  ledges  cast  on  the  front 
plates ;  so  that  luting  or  plastering  is  not  necessary.  A  cer-  Fig.84. 
tain  number  of  angle-pieces  are  bolted  to  the  front  plates ; 
these^  between  their  outer  bend  and  the  planed  ledges,  leave 
sofiBcient  room  for  the  doors  to  slide  each  way ;  and  there 
18  a  sufficient  number  of  such  -pieces  present  for  each  door 
to  be  always  held  by  three  of  them  (fig.  84) .  This  style 
of  work  is  evidently  much  cheaper  than  casting  every 
thing  in  a  piece,  because  the  planing  is  much  easier ;  it  is 
also  cheaper  than  the  English  style,  shown  on  p.  171,  and 
quite  as  substantial  as  the  latter.  There  are  no  special 
openings  for  the  air,  as,  in  spite  of  the  planed  surfaces, 
sufficient  air  enters  to  support  the  combustion.  The  regu- 
lation of  the  draught  is  here  efiected  entirely  by  the 
chimney-damper. 

The  shelves  are  made  from  excellent  fireclay  slabs,  manu- 
fiuH^ured  at  the  Aussig  works  themselves.  They  are  5  feet  long 
(equal  to  the  width  of  the  hurner  plus  the  bearing  on  each  side)  and 
18  inches  wide.  They  run  from  side  to  side  without  any  middle 
bearings,  their  lower  surface  being  formed  in  the  shape  of  an  arch; 
so  that  they  are  about  3^  inches  thick  in  the  middle  and  6  inches 
thick  at  the  ends. 

The  whole  set  is  covered  by  a  flue-dust  chamber,  continued  into 
a  larger  chamber  behind,  from  which  the  gas  during  the  heating-up 
goes  by  an  underground  flue  to  the  chimney,  and  during  the  work 
itself  by  a  metal  pipe  to  the  Glover  tower.  Through  the  upper  dust- 
chamber  a  charging-hoppcr  passes  for  each  burner.  The  tubular 
part  of  the  hopper  is  closed  by  a  small  cast-iron  cone  with  its  base 
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downwards,  which  is  continued  upwards  into  a  rod  projecting  out 
of  the  hopper,  and  connected  with  a  horizontal  lever,  whose  outer 
arm  has  a  balance-weight  attached  to  it.  By  means  of  this  the  hop- 
per filled  with  small  ore  can  be  emptied  easily  and  instantaneously 
by  pressing  down  the  outer  arm  of  the  lever.  The  cone  then  goes 
down  again,  and  the  joint  is  made  gas-tight  by  putting  a  new 
charge  into  the  hopper.  In  this  burner  dust  and  peas  are  burnt 
together,  and  the  sulphur  burnt  down  to  1  per  cent.;  thus  the 
grinding  of  the  smalls,  which  is  still  practised  at  some  works,  is 
saved. 

Analogous  to  Maletra's  burner,  which  applies  the  Olivier-Perret 
principle  for  the  independent  burning  of  smalls,  is  the  new  furnace 
of  Hasenclever  and  Helbig  (Dingl.  Joum.  ccxxii.  p.  250),  which 
is  an  essential  modification  of  their  former  burner,  and  was  to 
permit  the  combustion  of  small  ore  without  the  assistance  of 
lumps. 

Figs.  85  to  89  give  separate  sections  of  the  burner.  The  ore  is 
charged  into  the  funnels,  a^  to  a^,  and  covers  all  the  plates  in  the 
shaft  down  to  A^,  .  .  .  h^.  As  burnt  ore  is  taken  away  below,  fresh 
smalls  slide  after  from  the  funnels,  a  to  Cg,  exactly  as  in  the  former 
burner  of  the  same  inventors.  To  be  sure,  in  that  case  floury  ores 
would  not  slide  down  very  well,  as  will  be  remembered.  The  air 
enters  at  J,  and,  in  the  direction  shown  by  the  arrows,  ascends  over 
the  ore  on  the  four  or  five  lowest  tiers,  cools  this,  and  is  heated 
itself.  At  c  the  air,  mixed  with  a  little  SOg,  leaves  the  burner, 
and  enters  again  at  d  more  highly  heated,  descends  along  the  ore, 
and,  when  hottest,  comes  into  contact  with  the  nearly  burnt-ofE 
ore,  so  that  complete  desulphurization  can  take  place.  The  hot 
gas  leaves  the  burner  at  c,  and  through  two  shafts,  connected  by 
pipes,  gets  to  /,  towards  the  acid-chambers,  whilst  the  air  serving 
to  maintain  the  combustion  heats  itself  on  its  way  from  c  to  cf  in 
contact  with  the  brickwork  heated  by  the  gas.  Bode  points  out 
that  in  Gerstenhofer's  burner  the  heating  of  the  air  had  been  pre- 
scribed as  well,  but  had  been  given  up  as  too  troublesome.  The 
author  is  afraid  that  any  complication  in  the  way  of  leading  the 
gas  in  the  burners  would  cause  serious  difficulties  concerning 
the  draught.  If  the  gas  is  to  go  downwards  again,  this  will  fre- 
quently lead  to  its  blowing  out,  to  insuflScient  heat,  and  bad 
burning.     The  gas  ought  always  to  be  taken  away  in  the  simplest 
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possible  manner,  so  that  it  will  always  travel  npwards.  Even  if 
this  objection  against  the  Hasenclever-Helbig  burner  were  re- 
moved, there  would  be  still  a  danger  of  the  spaces  between  the 


Fig.  86. 


^^ 


plates,  which  are  very  hndly  accessible,  getting  stopped  and  scarred 
up.  It  is  not  very  clear  what  advantage  is  to  be  derived  in  com- 
parison with  the  simple  shelf  burner,  except  the  automatic  move- 
ment of  tlie  amalla,  which,  however,  will  hardly  proced  smoothly 
without  manual  labour  to  help  it  on.  The  inventors  themselves 
have  therefore  not  carried  out  tliat  construction  in  practice  (Bingl. 
Journ.  ccixvii.  p.  71). 


Tlieoretically,  probably  the  most  perfect  of  all  the  dust-burners  is 
that  of  MacDougall  Brothers,  patented  a  few  years  ago,  of  vhich 
draviugs  are  givea  in  figs.  90  to  92.  The  burner  consists  of  a 
metal  cylinder,  6  feet  in  diameter  and  13  feet  high,  formed  of  seven 
rings  (a  a)  bolted  together,  and  provided  with  a  solid  bottom,  but 
open  at  the  top.  The  rings  are  cast  in  such  a  way  that  the  lower 
and  inner  edge  of  each  can  serve  as  an  abutment  for  one  of  the  flat 
arches  &|  to  b^  which  divide  the  inner  space  of  the  cylinder  into 
seven  chambers,  the  uppermost  of  which  is  open  at  the  top.  The 
arches,  as  well  as  the  cast-metal  bottom  of  the  cylinder,  are  pierced 
in  the  centre,  and  allow  the  passage  of  a  cast-iron  shaft,  c,  6  inchea 
thick,  which  is  turned  by  means  of  the  toothed  wheel  d,  the  pulley 
«,  and  the  steam-engincj  /.  The  shaft  carries  at  top  and  bottom 
the  lutes  y  and  y„  into  which  the  cups  A  and  A^  fixed  to  the  top 
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F^S-  88.  Fig.  89. 


arch  and  the  cylinder-bottom,  enter;  the  latter  are  fast,  whilst  the 
Intea  g  and  (7,  turn  round  with  the  shaft,  and  a  hydrauhc  joint 
prevents  the  escape  of  gaa  at  the  places  where  the  shaft  entera 
and  leaves  the  cylinder.  To  the  shaft  are  fixed  the  cast-iron  arms, 
tj,  i, . . .  ij,  provided  with  teeth  along  their  lower  margin.  The  teeth 
are  placed  alternately  in  opposite  directions ;  so  that  the  arm  i, 
moves  the  ore-dust  from  the  centre  to  the  periphery,  t^  the  same 
from  the  periphery  to  the  centre ;  >g  acts  like  tj ;  i'^  like  tg,  and  bo 
forth.  Corresponding  to  this,  the  arches  are  perforated  alternately — 
bf,  6g,  and  &j  near  the  margin,  b,,  f>^,  and  bg  in  the  centre.  The 
latter  have  a  large  central  opening,  1  foot  3  inches  wide,  lined  with 
a  metal  pipe,  which  gives  free  play  round  the  shaft  to  the  gas  and 
the  ore-dust;  whilst  in  the  other  arches  the  shaft  is  so  tightly 
Burroondcd  by  a  metal  pipe,  that  scarcely  any  dust,  and  still  less 
gaa,  can  get  through.  The  small  ore  (which  need  only  be  passed 
through  a  1-inch  riddle,  and  therefore  contains  pieces  np  to  the 
size  of  a  walnut)  is  lifted  by  the  elevator  k  (also  moved  by  the 
engine  /),  and  is  emptied  onto  the  top  flat,  ^i,  where  the  arm  i] 
takes  it  round  and  gradually  moves  it  towards  the  periphery. 
During  this  time  the  ore  is  completely  dried  by  the  heat  of  the  gaa 
below.  The  ore  dropping  down  the  edge  at  I  from  the  open  top 
chamber  is  continually  pushed  into  the  first  closed  chamber  by  a 
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ram  at  A.  The  ram  A  can  be  moved  reciprocally  either  by  the 
rod  B  or  C,  and  can  be  moved  more  or  less  quickly ;  so  that  the 
feed  of  ore  can  be  regulated  to  a  nicety.  The  arm  i^  moves  the  ore 
towards  the  centre  of  b^,  where  it  drops  down ;  fg  moves  it  towards 
the  periphery  of  ftg,  where  it  drops  down  again^  and  thus  quite  gradu- 
ally and  constantly,  being  directed  by  the  teeth  of  the  arms,  arrives 
at  the  bottom,  and  is  emptied  out  through  the  pipe  m.  The  two 
slides,  n  and  o,  allow  the  contents  of  m  to  be  got  out  without  any 
loss  of  gas  or  any  air  entering  the  other  way.  As  the  furnace 
during  the  operation  is  in  full  heat,  most  of  all  near  the  top,  the 
ore  ignites  as  soon  as  it  arrives  on  the  bottom  of  the  first  closed 
chamber,  b^ ;  and  in  its  gradual  zigzag  way  towards  the  bottom 
the  sulphur  is  completely  burnt  oflF.  The  air  is  continually  supplied 
by  the  air-pump jo  in  exactly  the  necessary  quantity;  and  the  gas 
escapes  through  the  pipe  r  to  the  acid-chambers. 

An  apparatus  such  as  is  here  figured  is  sufficient  for  burning 
3^  tons  of  ore  in  24  hours  ;  with  eight  closed  chambers,  instead  of 
six,  it  can  bum  5  tons.  It  is  also  very  well  adapted  for  burning  the 
spent  oxides  of  gas- works ;  but  then  it  must  have  only  four  cham- 
bers. In  a  factory  on  the  Tyne,  where  this  apparatus  was  at  work  for 
a  time,  the  consumption  of  coals  for  driving  the  engine  amounted  to 
4  tons  per  week.  A  two-horse- power  engine  and  a  1^-inch  steam- 
pipe  are  said  to  suffice  for  the  largest  burner.  The  wages  amounted 
to  £4  5*.  per  week ;  but  this  rather  high  amount  was  explained  by 
the  fact  that  two  other  furnaces  were  building,  which  were  expected 
to  be  served  by  the  same  men  who  attended  the  first.  Of  course 
this  apparatus  is  quite  independent  of  the  skill  of  the  burner-men, 
which  is  mostly  only  acquired  by  some  years'  practice. 

For  heating  up,  the  engine  is  started,  and  the  cold  furnace  is 
gradually  filled,  care  V^ing  taken  to  regulate  the  thickness  of 
the  layers  of  ore  on  the  different  floors.  When  the  ore  has  ar- 
rived at  the  bottom,  the  engine  is  stopped,  and  the  flame  of  a 
temporary  fireplace,  built  against  the  cylinder,  is  allowed  to  enter 
it,  until  the  ore  lying  on  the  bottom  and  the  floor  b^  has  taken 
fire.  Then  the  engine  is  started,  the  temporary  fire-place  is  taken 
away,  the  man-hole  is  closed,  and  nothing  remains  but  to  see  that 
the  ore  arrives  at  the  bottom  properly  burnt.  If  this  should 
not  be  the  case,  the  speed  of  the  feeding-ram  A,  that  of  the  air- 
pump,  or  that  of  the  agitating-shaft  is  altered  till  every  thing  is  in 
order.      It  is  easy  to  get  the  sulphur  in  the  burnt  ore  down 
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to  1  per  cent.;    in  forced  work  only  3  to  4  per  cent,  can  be 
attained. 

One  objection  will  at  once  be  made  to  MacDougalPs  burner,  viz. 
that  the  machinery  in  its  interior  must  wear  out  very  quickly.     In 
order  to  obviate  this,  all  parts  of  the  machinery  are  made  of  thick 
cast-iron ;  and  when  one  of  the  arms  is  worn  out,  it  can  be  renewed 
through  the  man-holes,  8  s,  without  allowing  the  apparatus  to  cool 
down.     That  otherwise  this  burner  has  many  very  great  advantages 
over  all  others  is  evident.     The  turning  of  the  small  ore  is  per- 
fect without  any  opening  of  the  doors  and  working  by  hand.     Not 
even  during  charging  and  discharging  does  false  air  enter  the 
burner;   and  by  means  of  the   air-pump  exactly  the  necessary 
quantity  of  air  can  be  admitted   (this,  however,  in  practice  was 
found  to  be  very  difficult).     The  work,  indeed,  is  done  under  such 
favourable  conditions  as  arc  realized  by  no  other  burner,  whether 
for  pieces  or  for  smalls ;  and  it  might  be  assumed  that  the  con- 
sumption of  nitre  would  thus  be  reduced  to  a  minimum,  and  the 
yield  of  acid  raised  to  a  maximum.     Nevertheless  MacDougall's 
burner  had  to  be  given  up  again  in  the  above-mentioned  factory, 
because  the  quantity  of  flue-dust  was  so  great  that  it  could  not  be 
managed  in  any  way,  and  the  chamber-process  was  seriously  in- 
terfered with.     Employment  of  the  Glover  tower  was  not  to  be 
thought  of.     It  does  not  appear  that  really  efficient  dust-chambers 
were  employed.      The  air-pump  acted  so  violently  that  the  dust 
was  carried  away  a  great  distance.    Probably  this  drawback  might 
have  been  counteracted  by  some  alteration  in  the  construction; 
but,  altogether,  the  machinery  caused  endless  trouble,  continually 
requiring  repairs,  and  there  is  no  doubt  that  it  would  have  to  be 
altered  a  good  deal  before  it  could  become  a  real  success. 

A  similar  furnace  was  patented  to  Michel  Perret,  in  France, 
on  June  23rd,  1875.     Those  who  are  interested  in  mechanical  cal- 
cining furnaces  generally  will  find  this  subject  treated  at  length  by 
Bode  in  '  Dingler's  Journal,'  ccxix.  p.  53,  and  Wagner's  '  Jahres- 
bericht,'  1876,  p.  298. 

We  will  conclude  this  long  chapter  on  pyrites-burners  with  the 
description  of  the  burner  constructed  by  K.  Walter  for  the  special 
purpose  of  burning  so-called  "peas" — that  is,  small  pieces  of  ore 
not  above  the  size  of  a  hazel-nut,  and  not  so  small  as  to  pass 
through  a  sieve  with  eight  holes  to  the  lineal  inch.  This  appa- 
ratus is,  properly  speaking,  a  modified  Belgian  burner  for  lump- 
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ore,  similar  to  those  in  connexioD  with  Hasenclever'a  toirer  (fig.  61). 
But  the  figures  93  to  95  show  the  essential  mod  ifi  cat  loos  enabling 
it  to  do  its  special  work. 
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Fig.  93  shows  a  sectional  elevation,  taken  through  the  line  C  t) 
.of  the  plan  fig.  95,  which  itself  is  taken  on  the  line  o  i  of  fig.  94 ; 
fig.  94  is  a  section  through  the  line  £  F  of  the  plan  fig.  95,  together 
with  a  front  elevation.  There  ia  always  a  set  of  such  burners 
built  (at  least  three,  at  most  nine),  with  a  common  gas-space, 
similar  to  Hasenclever's.  The  speciality  of  Walter's  burner  is 
this : — the  cast-iron  grate-bars,  a,  are  not,  as  usual,  laid  from  front 
to  back,  but  sideways  across  the  burner ;  they  rest  on  bearings,  ft, 
and  are  cast  with  long  projections  beneath,  c,  through  which  a  bar, 
di  passes  and  in  front  is  continued  to  the  outside  of  the  burner 
through  a  bosh.     The  projections,  c,  are  not  all  in  the  same  place, 
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but  alternately  on  the  right  side  and  od  the  left ;  so  that  there  are 
two  ban  projecting  in  front.  In  each  projection,  c,  the  bar  d  is  pro- 
vided with  a  pin  which  plays  in  a  corresponding  slot  of  the  pro- 


jection c ;  thus,  whenever  the  bar  d  is  pulled  forward,  all  the  pro- 
jections are  moved  with  it,  and  the  grate-bars,  being  cast  in  one 
piece  with  them,  are  rotated  about  their  axes.  According  to  whether 
only  one  of  the  bars,  or,  by  means  of  a  double  key,  both  of  them 
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at  a  time  are  moved  forwards  or  backwards,  half  or  all  of  the  grate< 
bars  are  rotated  gimultaneouBly .     Since  all  tlie  parte  are  fitted  very 


accurately,  and  afterwards  are  always  moved  simultaneously,  the 
distances  between  the  grate-bars   can  be  made  very  small  (say 
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^  inch)  and  continuously  remain  so.  Only  this,  combined  with  a 
very  shallow  layer  of  the  pyrites,  e  (not  above  6  inches),  permits 
the  burning  of  peas.  The  ash-pit /is  usually  closed,  and  the  door 
h  is  only  opened  for  wheeling  out  the  cinders  ;  g  serves  for  admit- 
ting air.  The  furnace  is  charged  all  at  once  by  the  hopper,  t, 
with  a  double-conical  stopper ;  and  the  charge  is  quickly  spread 
from  the  doors  k  k.  The  cinders  are  let  down  in  a  minute  by 
pushing  the  lever  backwards  and  forwards  a  few  times,  the  grates 
just  remaining  covered  by  a  layer  of  hot  cinders ;  these,  the  heat 
of  the  brickwork,  and  also  especially  the  fire  of  the  other  burners 
(a  common  gas>space  is  therefore  indispensable  in  this  case)  almost 
at  once  ignite  the  fresh  pyrites.  £ach  compartment,  with  a  grate- 
surface  of  32  square  feet,  burns  from  14  to  20  cwt.  in  24  hours. 
By  putting  in  metal  plates,  it,  accessible  through  the  doors//, 
some  fine  dust  can  be  burnt  as  well ;  but  in  the  author^s  experience 
this  burning  was  very  incomplete.  Behind  the  set  there  is  always 
a  chamber  for  flue-dust ;  from  this  the  gas  may  pass  into  a  Glover 
tower. 

Walter^s  burners,  under  favourable  circumstances,  bum  the  ore 
down  to  3i  per  cent.  They  are  at  work  in  several  places,  and  have 
a  good  reputation.  But  they  require  a  strong  draught,  and  can- 
not easily  be  combined  with  ordinary  lump-burners  to  form  a  set, 
because  the  latter,  in  spite  of  their  ore  lying  four  or  five  times  as 
deep,  at  once  deprive  them  of  all  draught.  This  might,  with  sufS- 
cient  draught  at  the  far  end,  be  managed  by  very  carcfiil  regula- 
tion of  dampers ;  but  in  practice  it  has  answered  much  better  to 
work  a  set  of  chambers  separately  by  Walter's  burners.  When 
these  are  short  of  draught,  at  once  scars  are  formed,  as  in  the 
lump-burners.  The  scars  take  a  flat  shape,  lying  on  the  top  of  the 
ore  or  just  over  the  grates,  and  completely  stopping  combustion 
there.  It  is  true  they  are  easily  broken  up  and  removed  by  the 
working-doors ;  but  no  proper  burning  can  be  expected  when 
they  appear  in  quantity. 

Burners  for  the  Spent  Oxides  of  Gas-works. 

The  burner  proposed  by  Hills  has  the  construction  shown  in 
fig.  96,  and  is  so  similar  to  Mal^tra's  shelf  burner  that  no  further 
explanation  seems  necessary.  Quite  analogous  with  this,  Mac- 
DougalFs  burner  has  also  been  employed  for  this  purpose.   A  third 
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burner,  that  of  Cowen,  is  shown  in  figs.  97  and  98.  It  consists  of 
a  row  of  fireday  gas-retorts,  and  requires  no  further  explanation. 
Other  works  are  said  to  burn  that  material  in  burners  with  very 
narrowly-placed  grate-bars. 


Fig.  96. 


^^'^^Wl^ . 
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CHAPTER  VII. 


THE  BURNER-GAS. 


The  composition  of  the  gas  generated  in  the  burners  has  been  accu- 
rately calculated  by  Schwarzenberg,  both  for  brimstone  and  for 
pyrites ;  and  we  shall  in  the  first  place  give  his  calculations^  in  which 
at  the  same  time  the  draught  is  taken  into  account^  such  as  is 
required  in  normal  circumstances. 

1.  Composition  of  the  Burner-gas,  Draught,  and  Quantity  of  Air 

necessary  in  burning  Brimstone, 

The  draught  by  which  air  is  introduced  into  the  burners,  and 
by  which  the  mixture  of  gases  formed  therein,  and  ultimately  that 
remaining  after  the  formation  of  sulphuric  acid,  is  carried  through 
the  lead  chambers  and  out  of  them,  is  of  very  great  importance  for 
the  way  in  which  the  process  goes  on. 

The  draught  is  generated  by  several  causes,  of  which  the  first  is 
the  heat  of  the  gaseous  mixture  contained  in  the  vertical  tube 
leading  from  the  sulphur-burner  to  the  lead  chambers.  As  the 
density  of  it  is  twice  as  great  as  that  of  atmospheric  air,  it  might 
be  supposed  that  the  gaseous  mixture  formed  in  the  burner  was 
not  lighter  than  the  air.  We  shall  therefore  compute  its  specific 
gravity.  As  constants  for  this  and  the  following  calculations  we 
shall  use  the  following  figures  : — 

At  0°  C.  and  760  millims.  mercurial  pressure 

gram. 

1  litre  of  dry  atmospheric  air  weighs. . .  r2932 

1      „         „    oxygen  1'4298 

]       „         „    nitrogen 1*2562 

1      „         „    sulphur  dioxide 2*8731 

1       „        aqueous  vapour 0-804343 
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Now  I  vol.  oxygen  gas,  on  combining  with  sulphur,  forms  1  vol. 

SO^  which  further  requires  ^  vol.  of  oxygen  to  form  SO^j.     For 

each  14  vols.  SO^,  containing  14  vols.  O,  another  7  vols.  O  are 

thus  necessary  for  the  transformation  into  SO3.    All  this  oxygen  is 

introduced  into  the  burner  as  atmospheric  air,  containing  in  100 

vols.  21  vols,  oxygen  and  79  vols,  nitrogen.     The  above  14  +  7=21 

vols.  O  therefore  introduce  79  vols,  of  nitrogen  into  the  burner, 

and  the  gaseous  mixture  there  formed  thus  theoretically  ought  to 

contain 

14  vols.  SO, 

7     „     O 

79     „     N 


100 


Experience,  however,  has  taught  that  for  a  good  working  process 
a  further  excess  of  oxygen  is  required,  in  the  case  of  brimstone 
amounting  to  5  vols,  upon  95  vols,  of  the  nitrogen  entering  and 
again  leaving  the  chambers. 

If  we  call  the  unknown  volume  of  this  excess  oxygen  =:j?,  it 

79 
must  carry  along  ^  x  vols.  N.     To  this  are  added  79  vols.  N, 

entering  along  with  the  21  vols.  O  required  for  forming  14  vols,  of 
SOg  and  converting  them  into  SO3.  The  volume  of  the  total  N 
and  of  the  excess  oxygen  required  in  practice  for  each  14  vols,  of 
SOs  introduced  into  the  chambers  thus  amounts  to 

rrn  .  79      .         ^^  .  100 
21  ^  +  ^=79  +  -^  X, 

X  was  stated  to  form  5  per  cent.  =  ^  of  this  volume. 
AVe  have  thus  the  equation 

1  /'»ro^79  \     79^  5 

From  this  follows 

5  16    _79 

*~21'^  ^"^  21  "^"20' 

79x21     -,„      , 

*=2(nn[6=^"i«"*'^-' 

that  is,  besides  the  theoretical  quantities  of  gas  mentioned  above^ 
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another  5*18   vols,   of   oxygen^   along   with    the    corresponding 

79 
5*18  x^-f  =  19*50  vols,  of  nitrogen,  are  necessary.     The  gaseous 

mixture  formed  in  the  sulphur-burner  accordingly  ought  to  contain 
upon  each 

U       vols,  of  SOa, 
7+   518  =  12-18      „       O,  and 
79  + 19-50  =  98-50       „       N. 


124-68  vols. 

From  this  the  following  composition  for  1  litre  of  this  gaseous 
mixture  is  computed  : — 

01123  litre  SOj 
00977    „    O 
0-7900    „    N 


10000 


}> 


According  to  the  densities  of  the  single  gases  mentioned  above, 
1  litre  of  this  mixture  at  0°  C.  and  760  millims.  mercurial  pressure 
must  weigh 

0-1123 X  2-8731 +00977 X  1-4298  +  0-7900X  1-2562  =  1-4547  grm. 

Now  gases,  on  their  temperature  being  raised,  the  pressure  re- 
maining the  same,  for  each  1°  C.  expand  by  ^fj  of  the  volume 
occupied  at  0°.  1  litre  of  0°  C.  thus  at  /°  C.  (the  pressure  re- 
maining unchanged)  furnishes 

,.     /    _273  +  / 
^^273  ""273 

If  wc  assume  the  temperature  of  the  gaseous  mixture  in  the  pipe 
leading  from  the  burners  =1(X)°  C,  which  no  doubt  is  below  the 
truth,  there  woidd  be  formed 

273  +  100     ,„^p„,., 
—  -~ —  =  1-3663  litre 

from  each  litre  at  0°  C.  and  equal  pressure;  and  these,  of  course, 
would  equally  weigh  1'4547  gram  at  a  pressure  of  760  millims. 
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1  litre  of  the  gaseous  mixture  at  100°  C.  and  760  millims.  pressure 
thus  weighs 

1  -4547     ,  ^^ ,  - 
j:3gg3=10647gram. 

"With  this  we  shall  compare  the  weight  of  air.  1  litre  of  atmo- 
spheric air  at  0°  and  760  millims.  pressure  weighs  1-2932,  and  at 
20°  and  equal  pressure  furnishes 

?i|+20= 1-0733  litre; 

1*2932 
it  therefore  weighs  ,  ^,^,^»  =  1'2049  gram. 

^      1*0733  ® 

Thus  atmospheric  air  at  20^  is  much  heavier  than  the  gaseous 

mixture  in  the  sulphur-burner.     Even  at  an  extraordinarily  high 

atmospheric  temperature,  such  as  35°,  the  weight  of  the  latter  still 

273  +  35 
exceeds  a  good  deal  that  of  the  gas ;  for,  as  —-^z:^ —  =  1*1282, 1  litre 

air  at  35°  and  760  millims.  is 

^^^=11463  gram. 

The  aqueous  vapour  always  present  in  the  air  was  not  required 
to  be  taken  into  account,  since  by  its  expansion  in  the  heat  of  the 
burner  it  can  only  increase  the  difference  between  the  weight  of 
the  gas  and  that  of  the  air. 

Owing  to  the  fact  that  the  gaseous  mixture  in  tlie  vertical  pipe 
of  the  sulphur-bumer  is  lighter  than  air,  it  must  issue  out  of  the 
top  of  the  pipe  into  the  chamber  with  a  speed  corresponding  to  the 
excess  pressure  of  the  atmosphere  acting  upon  it  from  below.  It 
must  therefore  by  itself  exercise  a  pressure  upon  the  gas  in  the 
lead  chamber.  Its  speed  or  the  draught  increases  with  the  height 
of  the  vertical  pipe ;  and  the  latter  therefore  ought  to  enter  into  the 
chamber-side  as  high  up  as  possible.  By  thus  securing  more  than 
sufficient  drawing-power  the  supply  of  air  is  secured  in  any  case ; 
and  its  excess  can  always  be  moderated  by  narrowing  the  area  of 
the  inlets. 

A  second  cause  of  draught  is  the  formation  of  sulphuric  acid 
itself,  as  the  space  occupied  by  the  consumed  gas  cannot  remain 
empty,  and  must  at  once  be  filled  again.  The  condensation  of  the 
gas  to  sulphuric  acid  thus  acts  as  an  aspirator. 
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A  third  cause  of  draught  is  the  vertical  pipe  taking  the  gas  away 
from  the  last  lead  chamber^  or  the  chimney  with  which  it  is  con- 
nected. As  the  gas  in  these  contains  all  the  nitrogen  introduced 
into  the  chambers  with  only  5  per  cent,  of  oxygen^  as  it  is  saturated 
with  aqueous  vapour,  and  as  it  is  usually  warmer  and  never  can  be 
colder  than  the  atmospheric  air,  it  must  necessarily  be  lighter  than 
the  latter :  this  is  evident  without  any  calculation. 

If  the  nitrogen-acids  are  not  recovered  by  a  special  process,  to 
be  explained  later  on,  the  gas  certainly  contains  a  little  of  those 
acids  and  of  sulphurous  acid,  by  which  their  specific  gravity  is 
somewhat  increased.  We  shall,  however,  see  that  that  influence 
is  very  slight,  and  does  not  materially  interfere  with  the  causes 
producing  a  decrease  of  the  specific  gravity. 

The  draught  produced  by  all  the  above-mentioned  causes  regu- 
lates the  quantity  of  air  which  can  enter  the  apparatus  by  openings 
of  a  certain  size.  We  have  already  seen  that  we  must  not  introduce 
the  exact  quantity  of  air  required  for  transforming  the  burnt  sul- 
phur into  SOg,  but  a  certain  excess,  which  we  have  calculated 
=  5*18  vols,  of  oxygen  upon  each  14  vols,  of  SO^.  With  this,  for 
each  14  vols,  of  SO^, 

14  +  7  +  5-18=21+   5-18  =  26-18  vols,  oxygen, 
and  79+ 19-50  =  98-50     „     nitrogen. 


together    124*68     „     atmospheric  air, 

must  be  introduced  into  the  chambers.    From  this  it  follows  that  for 

124*68 
each  vol.  SO^  — z- —  =  8*906  vols,  of  air  are  required.     Now  1  litre 

of  SO2  at  0°  and  760  millims.  pressure  weighs  2*8731  grams,  and 
SOg  consists  of  equal  parts  by  weight  of  sulphur  and  oxygen. 
Accordingly  1  litre  of  SO^  at  0°  and  760  milllims.  contains 

— ;-^=  1*4^3655  gram  sulphur, 

and  1*43655     „      oxygen. 

Thus  for  each  1*43655  gram  of  sulphur  burnt  8*906  litres  air  at 
0°  and  760  millims.  are  required.     Since 

1*43655  :  1000  : :  8*906  :  d?. 
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ftQOfi 

each  1000  grams  or  1  kilogram  sulphur  requires    ..q^- „  =6199 

litres  air  at  0^  and  760  millims.  pressure  to  be  introduced  into  the 
sulphur-burner,  weighing  6199  x  1*2932=8017  grams  or  8*017 
kilograms. 

For  calculating  the  volume  of  air  at  different  temperatures  and 
pressures  we  must  introduce  the  well-known  formula :  viz.,  for  a 
temperature  f^  C.  and  a  barometrical  height  b  (in  millimetres)  the 
volume  V  (at  0°  and  760  millims.)  becomes 

(273H-0Vx76O 
273xi 

For  instance,  at  20^  and  760  millims.  the  calculation  shows  6653 
litres. 

All  the  above  calculations  refer  to  dry  air ;  but  as  the  atmosphere 
is  never  free  from  moisture,  wc  must  take  this  into  account.  If  a 
gas  is  saturated  at  the  pressure  b  with  aqueous  vapour,  its  own 
tension  is  diminished  by  that  of  the  vapour,  and  becomes  b  —  e,  if  c 
be  the  tension  of  the  vapour  alone ;  so  that  the  mixture  now  has 
the  same  tension  as  the  gas  previously  had  by  itself.     Thus  from 

the  volume ^~ — r the  new  volume  V  for  gas  saturated 

4fJo  X  O 

,     ,  .  T'l     (273  +  /)Vx760 

with  moisture  calculates  as  v'=-^^ — ^^^r — x • 

273  (o—e) 

The  volume  V  of  the  6199  litres  of  dry  air  at  0°  and  760  millims., 

on  being  saturated  with  moisture  and  the  temperature  raised  to 

20°  C.  (at  which  aqueous  vapour  has  a  tension  of  17*391  millims. 

of  mercury),  calculates  for  760  millims.  pressure  as 

(273+20)  X  6199  x760_293x  6199  X  760_ 
~273"(760^17*391)      ""    273  x  742*609   ""^^"'^  ^'^''^• 

The  above  calculations  have  thus  shown  that  each  kilogram  of 
pure  sulphur  burnt  for  producing  sulphuric  acid  requires  a  supply 

of 

6199  litres  dry  air  at  0  C.  and  760  millims.  pressure, 

of  6199 +  454=6653     „  „      20° 

„  6653  + 156 = 6809    „     air  saturated  with  moisture  at  20°  C.  and 

760  millims.  pressure. 

The  last  increase  of  156  litres  is  only  fully  realized  in  the  excep- 
tional case  of  air  completely  saturated  with  moisture.     As  this 
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increase  is  only  2*34  per  cent,  of  the  volume  of  the  necessary  dry 
air,  whilst,  according  to  the  calculation  on  p.  235,  about  24*68  per 
cent,  of  the  theoretical  quantity  of  air  (tliat  is,  more  than  ten  times 
as  much)  is  introduced  in  excess,  the  changes  in  the  moisture  of 
the  air  and  the  differences  of  volume  resulting  therefrom  are  of  no 
practical  consequence.  We  shall  therefore  not  enter  into  a  calcu- 
lation of  the  differences  caused  by  the  real  percentage  of  moisture 
in  the  air. 

Of  course  the  volume  of  air  necessary  for  a  certain  consumption 
of  sulphur  is  also  dependent  upon  the  elevation  of  the  site  above 
the  level  of  the  sea,  which  regulates  the  mean  barometrical  pressure. 
Thus  at  Munich  a  quantity  of  air  occupies  a  space  larger  by  5*5 
per  cent,  than  the  same  quantity  at  Marseilles. 

It  is  easy  to  introduce  the  minimum  of  air  required  for  proper 
work.  But  this  is  not  all ;  an  excess  of  air  is  just  as  hurtful  as 
a  deficiency,  although  not  to  the  same  extent.  Air  in  excess 
cools  the  gas,  and  thus  may  sometimes  interfere  with  the  process ; 
it  fills  a  portion  of  the  chamber-space  and  renders  it  inoperative ; 
it  dilutes  the  gas  and  weakens  the  energy  of  the  chemical  action. 
The  regulation  of  the  supply  of  air  must  therefore  be  accurate, 
and  must  be  adapted  to  the  frequent  variations  in  the  state  of  the 
atmosphere.  This  must  be  done  by  great  attention  in  enlarging 
or  diminishing  the  openings  serving  for  introducing  the  air  and  for 
taking  away  the  gas.  By  cither  means  the  supply  of  air  can  be 
diminished  :  but  it  is  not  indifferent  which  of  them  is  selected.  Bv 
the  latter  the  draught  acting  upon  the  contents  of  the  chambers  at 
the  end  of  the  apparatus,  by  the  former  the  pressure  upon  the 
contents  of  the  chambers  at  the  beginning  of  the  apparatus  is  les- 
sened. In  the  latter  way  the  pressure  inside  the  chambers  is 
increased ;  in  the  former  way  it  is  diminished.  Accordingly,  if  the 
chimney-draught  is  too  much  cut  off,  the  gas  issues  forcibly  from 
any  openings  in  the  chambers  &c.,  whilst  the  air  may  enter  properly 
by  the  holes  in  tlie  front  of  the  sulphur-burners.  If,  however, 
these  latter  are  stopped  up  too  far,  the  chambers  suck  in  air  in  any 
places  not  completely  closed  against  the  atmosphere. 

The  draught  can  also  be  increased  in  two  different  ways,  viz.  by 
enlarging  the  opening  in  the  exit-tube,  or  by  increasing  the  inlet- 
holes  in  the  door  of  the  burner.  Then  the  chambers,  if  the  exit- 
tube  is  not  sufficiently  closed,  suck  in  air ;  if,  on  the  other  hand, 
the  inlet-openings  are  too  wide,  gas  is  forced  out  from  any  leaks  in 
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the  chambers  by  the  excess  pressure.  This  is  especially  noticed 
when  the  doors  are  opened  for  charging.  Both  can  be  avoided  by 
arranging  a  certain  proportion  between  the  inlet  and  the  outlet 
openings.  Usually  (according  to  Schwarzenberg)  the  area  of  the 
latter  is  two  thirds  of  that  of  the  former.  For  the  changes  of 
draught  made  necessary  by  the  variations  in  the  state  of  the  atmo- 
sphere no  certain  rules  can  be  given ;  observation  and  practice 
must  come  into  play  here.  In  well-arranged  works,  however,  this  is 
not  left  to  chance,  but  the  supply  of  air  is  checked  by  regularly 
estimating  the  oxygen  in  the  escaping  gas,  as  we  shall  see  later  on. 

2.  Composition  of  the  Bumer-ffas,  Draught ,  and  (Quantity  of  Air 

necessary  in  burning  Pyrites, 

The  same  considerations  as  influence  the  draught  in  sulphur- 
burners  are  also  valid  in  burning  pyrites.  But  the  proportion  of 
air  required  is  very  much  altered.  "We  shall  calculate  this  for  pure 
iron  bisulphide.     This  body  consists  of 

1  at.  iron Fe=  56=46*66  per  cent. 

2  „    sulphur    ...     84=  64=53-33        „ 

FeS2=120 

• 

Although  on  burning  dense  pyrites  sometimes  the  iron  is  not  all 
oxidized  up  to  Fe^Os,  and  a  little  magnetic  oxide,  Feg04,  is  formed, 
we  must  suppose  the  complete  conversion  of  iron  into  FcgOs  *^  the 
normal  state  to  be  aimed  at  for  complete  utilization  of  the  sulphur. 
Consequently  2  mols.  or  240  pts.  of  FeS^  require  3  atom8=48  pts. 
O  for  oxidizing  the  iron,  and  another  8  atoms  s  128  pts.  O  for  burn- 
ing the  S  into  SOg.  Altogether  11  atoms=156  pts.  oxygen  are 
necessary  for  burning,  and  another  4  atoms  of  oxygen  =  64  pts.  for 
changing  the  formed  4  mols.  =  256  pts.  of  SOg  into  SO3.  From 
this  we  calculate  : — 

1.  That  for  each  thousand  parts  of  FeSj, 

200  pts.  oxygen  are  required  for  oxidizing  the  iron, 

533^  „  „  „  forming  SO4. 

'^^^^  f,  }9  y>  oxidizing  this  to  SO^, 

1000 


>y 

» 

f> 

fy 

>y 

y> 

99 

in  all ; 

and. 
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2.  That  for  each  100  pts.  of  sulphur  employed  as  FeS^, 

375  pts.  oxygen  must  be  supplied  for  oxidizing  the  Fe, 
1000  yy  y,  y,  forming  SO^, 

500  „  „  y,  oxidizing  this  to  SOg. 

Since  1  litre  of  air  at  0°  and  760  millims.  pressure  weighs  1*4298 
gram^  at  this  temperature  and  pressure 

375  grs.  O  give  262*3  lit.,  mixed  in  the  air  with   986*7  lit.  N, 
1000      „       „       699-4  „  ,,  „      263M      „ 

500      „       „       349-7  ,,  „  ,,       1315-5      „ 


1875      y,      „     1311-4  y,  y,  „       4933-3 

Accordingly,  theoretically,  for  each  kilogram  of  sulphur  consumed 
as  FeSg  1311-4  +  4933-3=62447  litres  air  at  0°  and  760  millims. 
pressure  must  be  supplied. 

Now  here  also  an  excess  of  oxygen  must  be  used,  even  larger 

than  in  the  case  of  brimstone,  which  Schwarzenberg  states  to 

amount  to  6*4  per  cent,  by  volume  in  the  gas  leaving  the  chambers. 

If  we  call  the  unknown  volume  of  oxygen  in  excess  to  be  introduced 

for  each  kilogram  of  S  employed  as  FeSg,  x  litre,  the  volume  of 

79 
nitrogen  accompanying  it  is  ^  ar  litre.     Both  together  and  the 

4933*3  litre  N  introduced  along  with  the  O  requisite  for  combustion 
and  formation  of  SO3  form  the  gaseous  mixture  escaping  at  the 
end,  the  volume  of  which  is  therefore 

70  100 

4933-3  +  ^  +  ^1  a: =4933-3  +  ^  J-. 

6-4 
As  X  is  YKF.  of  this  volume,  we  have 


.=^(4<m-3+'^.). 


07  =  454- 1. 

Accordingly  for  each  kilogram  of  S  burnt  as  FeSg,  apart  from 
the  theoretical  6244*7  lit.  air,  another  454-1  lit.  oxygen  along  with 

i?^.^A?l^:=  1708-4  nitrogen— that  is,  21625  lit.  air— altogether 

8407*2  lit.  air  at  0°  and  760  millims.  pressure  have  to  be  introduced. 
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Now  we  have  found  that  each  kilogram  of  free  sulphur  (brim- 
stone) requires  6199  litres  air  at  0^  and  760  millims. ;  consequently 
a  certain  quantity  of  sulphur^  burnt  as  FeS^,  requires 

"6199"=^*^^^*™"' 

as  much  air  as  if  burnt  in  the  free  state. 

This  is  not  quite  the  proportion  of  the  gas  as  it  enters  the 
chambers.  For  on  burning  FcS^  a  portion  of  the  oxygen  remains 
behind  with  the  iron^  whilst  on  burning  brimstone  the  whole  quan- 
tity of  air  gets  into  the  chambers^  and  at  equal  temperature  and 
pressure  retains  its  volume^  since  oxygen  on  combining  with  S  to 
SOj  does  not  change  its  volume. 

The  8407*2  litres  air  entering  the  burner  for  each  kilogram  of 
sulphur  burnt  as  FeS^,  furnished  the  following  quantities  of  gas, 
calculated  for  0°  and  760  millims. : — 

699'4  lit.  SO^  generated  from  the  same  volume  of  O, 
349*7  „    O  required  for  transforming  SOj  into  SOs, 
454*1  „    O  as  excess, 
4933*3  „    N  accompanying  the  theoretically  necessary  oxygen, 
1708*4  „    N         „  „  excess  of  oxygen, 

8144*9  lit.  containing  699*4  lit.  SO^, 

803*8  „    O, 
6641*7  „    N. 

Consequently  100  volumes  of  the  normal  gaseous  mixture  on 
entering  the  chamber  ought  to  consist  of 

8*59  vol.  SOj, 
9*87    „    O, 
81*54    „    N. 

In  many  factories  the  sulphurous  acid  is  much  below  8*59  per 
cent.,  sometimes  not  above  6  per  cent,  of  the  volume  of  the  gas.  In 
that  case  so  much  less  acid  is  made  in  the  same  chamber-space, 
unless  the  formation  of  sulphuric  acid  is  increased  by  a  larger  con- 
sumption of  nitre. 

1  litre  of  the  above  gas  at  (f  and  760  millims.  weighs 

0*0859x2-8731  +  0*0987x  1-4298  +  0-8154X  1*2562  =  1-4122  grm.. 
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whilst  the  1  litre  of  the  gas  resulting  from  the  combustion  of 
brimstone^  according  to  our  former  calculation^  weighs  1'4547. 
The  former  beings  under  equal  conditions^  lighter  than  the  latter^ 

consequently  gives  stronger  draught. 

8144-9 
For  a  certain  quantity  of  sulphur,  burnt  as  FcS^,  times 

=  1'314  times  as  much  gas  must  enter  the  chambers  as  if  the  sul- 
phur were  burnt  in  the  free  state.  This  figure  will  permit  a  com- 
parison of  the  results  of  the  two  processes. 

The  preceding  calculations,  taken  from  Schwarzenberg^s  treatise, 
must  be  supplemented  by  some  remarks.  All  practical  men  agree 
with  him  that  a  certain  excess  of  oxygen  is  required,  over  and  above 
the  theoretical  quantity,  in  order  to  promote  and  hasten  the  regene- 
ration of  nitric  oxide  to  nitrous  acid,  &c.  Bode  ('  Beitr'age,'  p.  15) 
assumes  as  a  minimum  6  per  cent,  of  free  oxygen  in  the  exit-gas 
of  the  chambers,  and  mentions  that  at  8  per  cent,  free  oxygen 
his  yield  had  been  just  as  good,  his  consumption  of  nitre  even  a 
shade  better  than  at  6  per  cent.  According  to  Hasenclever  (Hof- 
mann^s  Report,  i.  p.  370),  in  1866,  before  Schwarzenberg,  Gersten- 
hofer  had  already  calculated  the  theoretically  best  composition  of 
burner-gas,  but  had  only  communicated  it  privately  to  several  fac- 
tories. His  figures,  which  do  not  materially  differ  from  Schwar- 
zenberg^s  are : — for  brimstone, 

10*65  per  cent,  by  volume  of  SOg, 
10-35         „         „         „  O, 

7900         „         „         „  N; 

for  burning  pyrites, 

8*80  per  cent,  by  volume  of  SOj, 
9-60         „         „         „  O, 

81-60         „         „         „  N. 

Scheurer-Kestner  also  assumes  that  the  percentage  of  oxygen  in 
the  exit-gas =6  per  cent.  He  has,  however,  proved  that  the  oxygen 
in  the  bumer-gRS  is  considerably  less  than  according  to  the  above 
calculation,  probably  owin^  to  the  formation  of  SO3  (see  below). 

The  above  is  certainly  controverted  by  some.  Vogt  contends 
(Dingl.  Joum.  ccx.  p.  105)  that  there  ought  to  be  only  3  or  4,  never 
above  5  per  cent,  oxygen  in  the  escaping  chamber-gas ;  beyond  5  per 
cent,  he  calls  "  very  bad  work.''   This  opinion  is  not  shared  by  other 

R 
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practical  men.  The  other  extreme  is  found  at  Tennanfs  works, 
where  it  is  believed  that  the  best  yield  of  sulphuric  acid  is  obtained 
with  10  per  cent,  of  oxygen  in  the  exit-gas,  certainly  with  a  some- 
what larger  consumption  of  nitre  than  when  5  or  6  per  cent,  of 
oxygen  is  adhered  to  (4  per  cent,  of  NaNOg  upon  the  charge  of 
sulphur,  instead  of  3  per  cent.) .  The  neighbouring  works,  burn- 
ing the  same  pyrites  under  identical  conditions,  only  allow  5  to  6 
per  cent,  oxygen. 

But  if  it  is  established  that  a  certain  excess  of  oxygen,  although 
its  presence  increases  the  volume  of  gas,  yet  also  increases  the 
energy  of  the  action  in  the  chambers,  it  is,  on  the  other  hand,  at 
least  as  well  established  that  too  great  an  excess  of  air  greatly 
diminishes  the  yield  and  seriously  increases  the  consumption  of 
nitre.  We  here  refer  to  the  account  of  Olivier  and  Perret^s  first 
trials  with  pyrites  (p.  83). 

The  upper  limit  of  the  excess  of  air  has  not  yet  been  accu- 
rately defined ;  but  6'4  per  cent,  oxygen  in  the  exit-gas,  taken  by 
Schwarzenberg  as  the  basis  of  his  calculations,  must  at  any  rate 
be  considered  very  suitable  for  practical  work.  Accordingly  a 
percentage  of  8*59  SOg  by  volume  in  the  burner-gas  might  be  con- 
sidered normal  (Bode  with  6  per  cent,  oxygen  in  the  exit-gas 
arrives  at  8*93  SO^  in  the  burner-gas  as  a  maximum),  if  the  fol- 
lowing considerations  did  not  somewhat  modify  this  result. 

In  the  pyrites-burner,  besides  sulphurous  acid,  there  is  always 
sulphuric  anhydride  formed  during  the  burning.  This  fact  has 
long  been  known,  and  was  explained  in  1852  by  Woehler  and 
Mahla,  and  again  in  1856  by  Plattner  ('  Die  metallurgischen  Bost- 
processe ')  after  many  experiments,  in  this  way — that  many  sub- 
stances, one  of  which  (ferric  oxide)  is  present  in  large  quantity 
in  the  pyrites-burner,  dispose  sulphurous  acid  to  combine  with 
the  oxygen  of  the  air  to  form  sulphuric  anhydride.  We  have 
already  seen,  and  shall  in  the  17th  Chapter  see  it  in  detail,  that 
this  reaction,  which  is  most  strongly  exerted  by  finely  divided  pla- 
tinum, can  be  used  for  the  production  of  sulphuric  anhydride  itself. 
Another  plausible  explanation  is,  that  in  the  cooler  parts  of  the 
pyrites-burners  sulphates  of  iron  are  formed,  which  at  the  hotter 
parts  again  split  up  into  Fe^Og  and  SOg.  This  explanation,  how- 
ever, is  not  sufficient  for  Fortmann^s  experiments  (Dingl.  Joum. 
clxxxvii.  p.  155),  according  to  which  the  whole  of  the  fumes  of 
anhydride   appear  the  moment  the   pyrites  take  fire.      Lastly 
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Scheurer-Kestner  (Bull.  Soc.  Chim.  1875,  xxiii.  p.  437)  explains 
the  matter  from  the  well-known  fact  that  ferric  oxide  can  act  as  an 
oxidizing  agent  by  successively  giving  up  and  absorbing  oxygen. 
None  of  these  explanations  fits  exactly,  especially  because  it  is 
established  that  even  on  burning  pure  sulphur  a  little  anhydride, 
is  formed  (Fortmann,  loc,  cit,) . 

In  Fortmann's  experiments,  made  on  a  small  scale,  on  burning 
pyrites  far  more  SO3  than  SO^  was  formed,  viz.  in  one  experiment 
4  times  as  much,  in  another  as  5  :  3.  Bode  doubts  whetlier 
Fortmann^s  results  would  hold  good  on  the  large  scale,  where  the 
conditions  are  different  and  where  the  formation  of  such  an  enor- 
mous quantity  of  sulphuric  anhydride  would  have  been  detected 
before.  Scheurer-Kestner  {loc,  cit,)  only  found  2  or  3  per  cent,  of 
all  the  SOj  converted  into  SOg,  but  a  larger  deficiency  o£  oxygen  in 
the  gas  than  corresponds  to  this  amount ;  and  the  later  discussion 
between  Bode  (Dingl.  Journ.  ccxviii.  p.  325)  and  Scheurer-Kestner 
(ib.  ccxix.  p.  512)  has  not  cleared  up  the  matter.  In  the  last  place, 
Scheurer-Kestner  indirectly  calculates  from  the  oxygen  that  the 
sulphur  of  the  pyrites  is  thus  disposed  of — 

As  SOj  in  the  bumcr-gas  65*5 

„   bUg  „  „  32*5 

„  Fe2(S04)3 in  the  burnt  ore  20 


1000  j 


but  he  does  not  explain  why,  of  the  quantity  of  SO3  calculated 
from  the  deficiency  of  oxygen,  less  than  one  tenth  is  actually  found 
in  the  gas  j  and  it  thus  seems  to  be  established  that  this  indirect  cal- 
culation of  the  SO3  from  the  oxygen  contained  in  the  burner-gas  is 
inadmissible.  Bode  found  afterwards  (Dingl.  Journ.  ccxxv.  p.  280) 
in  three  samples  of  gas  from  a  shelf-burner  : — 

a.  b,                  c. 

Oxygen 1 1  80  10*65  1 1  '94  p.  c.  by  vol. 

S0*2    6*20  6-35           6-55         „ 

N  82*00  83-00  81*55         „ 

To  the  N  corresponds  atmospheric  oxygen 

21*73         2200         21*60 

r2 
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Oxygen  actually  used  for  burning  (if  all  Fe  is  burnt  into  Fe^Og) : — 

a,  b.  c. 

For  SO2 6-20  6-35  6*55  p.c.byvol. 

„    Fe^Og 2-32  238  246        „ 

Directly  found  as  O IISO  1065  11-94 

Total 20-32       1938       20*95         „ 

Calculated 21-73       2200      21-60 

Therefore  deficiency  of  oxygen     1*41         2*62        0*65  p.  c.  by  vol. 

This  latter  quantity  may  have  been  used  for  forming  SOg. 

In  order  to  decide  the  question  of  the  formation  of  SOg  on  burn- 
ing pyrites  by  more  exact  methods  than  those  hitherto  used,  espe- 
cially by  Fortmann,  the  author^  together  with  Salathe^  made  a 
series  of  experiments  (Deutch.  chem.  Ges.  Ber.  x.  p.  1824) .  It  was 
found  that  SOg  cannot^  as  Scheurer-Kestner  had  supposed^  be  ab- 
sorbed and  estimated  by  barium  chloride^  because  even  chemically 
pure  SOg  with  BaCI^  in  the  presence  of  O  or  atmospheric  air  at  once 
gives  a  precipitate  of  BaS04.  Check  tests  proved  that  exact  results 
were  obtained  by  conducting  the  gas  through  an  excess  of  standard 
iodine  solution^  retitrating  the  latter  by  sodium  arsenite^  and  esti- 
mating the  total  sulphuric  acid  formed  in  another  portion  of  the 
liquid  by  precipitation  with  BaCI^.  By  the  retitration  the  quan- 
tity of  SOg  absorbed,  by  subtracting  this  from  the  total  sulphuric 
acid  that  of  the  SOg  was  found.  Two  experiments  with  burning 
Spanish  cupreous  pyrites,  containing  48-62  per  cent,  of  sulphur,  in 
a  glass  tube  in  a  current  of  air  gave 

I.  II. 

Sulphur  obtained  as  SO^ 8802  88*78  p.  c. 

„  SO3 5-80  605    „ 

„       in  the  residue    3*43)  p,  , - 

„       lost 2-75f  ^    '' 

Of  the  sulphur  of  the  burner-gas  itself  there  were  present 

I.  II. 

As  SO2 93-83  93-63  p.  c. 

„   SOs 617  6-37    „ 

Two  other  experiments  were  made  in  this  way : — In  the  glass 
tube  50  grams  of  cinders  from  the  same  pyrites,  in  pieces  of  the 
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size  of  a  pea,  were  completely  freed  from  sulphur  by  ignition,  and 
fresh  pyrites  burnt  as  before,  the  gas  passing  through  the  cinders. 
Found : — 

m.  IV. 

Sulphur  as  SOj     7925  76-90 

„  SO3 1602  16-84 

Residue  and  loss  473  626 

Of  the  sulphur  of  the  burner-gas  itself  there  were  present : — 

III.  IV. 

AsSOa 83-18  82*00  p.  c. 

„  SO3 16-82  18-00    „ 

On  the  large  scale  the  formation  of  SO^  will  hardly  be  as  much  as 
in  the  last  two  experiments,  because  in  the  burners  the  gas  passes 
through  much  less  ignited  ferric  oxide  than  in  our  experiments. 

The  fact  of  the  formation  of  anhydride  is  undisputed,  although 
as  to  its  quantity  opinions  still  differ.  This  must  also  influence 
the  percentage  of  SO^  in  the  burners,  making  it  appear  less,  inas- 
much as,  6rst,  the  SOg  already  transformed  into  SO3  is  not  shown 
by  analysis,  and,  secondly,  because  the  excess  of  oxygen  necessary 
for  its  formation,  along  with  its  nitrogen,  dilute  the  gas.  Quanti- 
tatively, this  cannot  yet  be  taken  into  account,  because  no  accurate 
data  exist.  But  the  deviations  in  the  quantity  of  oxygen  from  the 
quantity  calculated  are  very  considerable,  as  Scheurer-Kestner  has 
found  from  his  own  and  Biichner^s  analyses  (Deutsch.  chem.  Ges. 
Ber.  vii.  p.  1665) ;  Bode  also  has  proved  this  {he.  cit,). 

Another  source  of  dilution  of  the  burner-gas,  likewise  not  trace- 
able quantitatively,  is  this — that  the  burnt  ore  does  not  contain  pure 
FcgOa,  but  sulphates  of  iron.  Whether  these  are  ferrous  or  ferric 
sulphate,  they  wall  always  retain  more  oxygen  than  FcgOg,  and  the 
nitrogen  corresponding  to  this  excess  of  oxygen  must  be  found  in 
the  burner-gas.  On  the  other  hand,  a  little  nitrogen  will  have  to 
be  deducted  if  in  the  burnt  ore  FeS  is  present ;  but  this  amounts 
to  very  little  indeed. 

Lastly,  in  the  factories  working  with  nitre  mixtures  immediately 
behind  the  burners,  the  dilution  of  gas  caused  thereby  must  be 
accounted  for.  The  calculated  density  of  NO3H  is  2*17823;  we 
need  only  take  this  into  account,  as  the  NO3H  forms  the  largest 
portion  of  the  gas  given  off  by  the  nitre  mixture.      It  differs 
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80  little  from  that  of-SOj  (viz.  2-21126),  that,  looking  at  the 
small  quantities  in  question,  we  can  take  the  two  as  equal  without 
any  sensible  error.  Now  in  normal  working  order,  and  using  a 
Gay-Lussac  tower,  certainly  not  above  5  per  cent,  of  nitre  on  the 
burnt  sulphur  is  consumed  (corresponding  to  3'7  per  cent,  of 
NO3H),  or  1*85  upon  the  SO,.  Thus  a  gaseous  mixture  which, 
without  the  nitric  acid,  contains  8'59  per  cent,  of  SO^,  contains 

besides ^nn nitric  acid  vapour,  which  increases  its  volume 

to  100*1589,  and  diminishes  the  percentage  of  SO^  in  the  total 
volume  to  8*576 — a  diminution  too  slight  to  be  traceable  by  analysis. 
Even  if  the  nitric  acid  does  not  occur  as  such,  but  as  NO^  or  NjOg, 
it  has  no  sensible  influence  upon  the  analyses,  even  if  the  sample 
of  gas  is  taken  in  a  place  where  the  '^  nitrous  acid ''  coming  from 
the  Gay-Lussac  tower  has  already  entered  into  the  process. 

Still  all  the  above-mentioned  causes  concur  in  somewhat  dimin- 
ishing the  percentage  of  SO^  in  the  burner-gas;  so  that  the  figures 
stated  by  Schwarzenberg,  viz. 

11*23  per  cent,  by  volume  in  burning  sulphur, 
8-59        „  „  „  pyrites, 

must  be  looked  at  as  maximum  figures,  which  in  practice  can  only 
be  approached,  but  hardly  ever  reached,  and  which  never  ought 
to  be  exceeded. 

If  the  sulphurous  acid  in  the  burner-gas  be  estimated,  this  will 
sufficiently  test  the  style  of  burning,  since  the  oxygen  of  the  gas 
must  necessarily  be  in  inverse  proportion  to  its  sulphurous  acid — 
although  not  exactly,  as  the  sulphuric  anhydride  comes  into  play. 
In  practice,  usually  from  11  to  13  per  cent,  of  oxygen  is  found  in 
good  burner-gas. 

The  innumerable  observations  made  upon  the  percentage  of 
burner-gas  in  chemical  works  during  recent  years  have  proved 
that  with  very  good  pyrites  the  above  maximum  figures  can  be 
very  nearly  approached,  whilst  with  other  ores,  badly  burning  or 
containing  unfavourable  metallic  sulphides,  only  7  to  7\  per  cent. 
SOg  in  the  burner-gas  is  attained  [e.g.  Biichner,  Dingl.  Joum. 
ccxv.  p.  557) .  Of  course,  looking  at  the  difficulty  of  keeping  the 
evolution  of  gas  exactly  equal,  the  different  observations  made  in 
the  course  of  a  day  will  frequently  yield  less  than  the  above  figures 
{fi.g,  Scheurer-Kestner,  in  Dingl.  Joum.  ccxix.  p.  117,  in  one  day 
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found  6*5, 6*5,  6*0,  8-0, 90, 8-7) ;  and  they  only  signify  the  average 
percentage  of  the  bumer-gas.  As  a  mifiimum,  below  which  the  gas  of 
real  pyrites  ought  never  to  fall,  6 — as  ordinary  average,  7  to  8  per 
cent.  SOg  by  volume  can  be  assumed.  If  less  is  found,  the  draught 
should  be  cut  off ;  if  more,  more  air  should  be  admitted. 

All  the  above  calculations  only  refer  to  pyrites  proper — that  is, 
containing  only  a  few  per  cent,  of  other  metallic  sulphides.  If 
the  latter  have  to  be  roasted  by  themselves  (for  instance,  pre- 
paratory to  their  metallurgical  utilization),  only  poor  gas  can  be 
obtained,  partly  because  more  sulphates  remain  in  the  residue,  for 
which  the  corresponding  nitrogen  is  found  in  the  gas,  partly 
because  they  must  be  roasted  altogether  with  a  larger  excess 
of  air. 

According  to  Bode  (^  Gloverthurm,'  p.  88),  at  Oker,  poor  ores 
with  27  per  cent,  sulphur,  of  which  only  22  per  cent,  was  combined 
with  iron,  the  remainder  being  present  as  blende  and  barium  sul- 
phate, yielded  gas  with  5*5  per  cent.  SOj.  Lead-matt  yields  gas 
with  5  to  5*5  per  cent. ;  coarse  copper  metal  (with  34  per  cent.  Cu, 
28  per  cent.  Fe,  and  28  per  cent.  S),  5*5  per  cent.  SOg. 

According  to  Wunderlich  (Zcitsch.  f.  d.  chem.  Grossgew.  i.  p.  74), 
the  gas  at  Oker  contains  5  to  7  per  cent.  SO^ ;  its  temperature  in 
the  case  of  ores  rich  in  sulphur  reaches  360°,  in  the  case  of  poorer 
ores  about  230°. 

TTie  Quantitative  Estimation  of  Sulphuroits  Acid  in  the 

Burner-Gas. 

This  has  become  a  very  simple  process,  which  can  be  carried  out 
in  a  few  minutes  by  the  apparatus  constructed  by  F.  Reich  in  Frei- 
berg. It  has  been  described  by  its  inventor,  in  a  pamphlet  published 
in  1858,  as  follows  : — 

The  apparatus  represented  by  fig.  99,  on  a  scale  of  1  to  10,  con- 
sists of  three  principal  parts,  combined  on  an  easily  movable  wooden 
stand.  A  wide-mouthed  bottle,  A,  serves  as  absorbing-vessel ;  a 
cylindrical  tin  vessel,  B,  tapering  below,  and  ending  in  a  long, 
narrow  tube  provided  with  a  tap,  a,  serves  as  aspirator ;  and  a  gra- 
duated glass  cylinder,  C,  permits  the  measurement  of  the  quantity 
of  water  run  out  of  B. 

A  is  closed  tightly  by  a  tin  cover  with  two  apertures.  Through 
the  first  passes  a  brass  elbow  tube,  b,  provided  with  a  cock,  c, 


pierced  so  as  to  open  communicatioii  between  the  interior  of  the 
vessel  and  the  external  air,  or  the  other  end  o£  the  tube,  or  to 


close  the  interior  of  the  vessel  altogether.  Into  the  lower  part  of 
the  brass  tube  a  glass  tube,  d,  is  cemented,  which  rcacnes  nearly  to 
the  bottom  of  the  vessel,  but  has  its  extremity  drawn  out  to  a  fine 
point  and  bent  a  little.  The  second  aperture,  e,  is  provided  with 
a  cylindrical  collar,  and  receives  a  cork,  through  which  a  short  glass 
elbow  tube  passes.  The  cork  must  he  easily  taken  in  or  out,  because 
this  has  to  be  done  at  each  experiment. 

The  tin  vessel,  B,  has  a  side-tube,  connected  (air-tight]  with  the 
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tube  /  by  means  of  an  elastic  tube.  In  the  lid  there  is  an 
openings  closed  by  a  cork,  which  is  best  tightened  by  a  screw  cap 
(like  e) . 

When  the  sulphurous  acid  in  any  gaseous  mixture  has  to  be 
estimated,  a  glass  tube  is  introduced  into  it,  and  connected  with  b 
by  an  elastic  tube.  The  joint  must  be  perfectly  air-tight,  because 
any  fault  in  it  cannot  be  discovered  in  the  apparatus  itself. 

The  vessel  A  is  fiUed  up  to  f  or  |  of  its  capacity,  through  e,  with 
water ;  and  B  is  filled  almost  entirely,  through  g,  A  small  quan- 
tity of  standard  iodine  solution  is  added  to  the  water  in  A,  along 
with  a  little  starch,  by  which  the  water  assumes  an  intensely  blue 
colour.  The  cock  c  is  turned  so  that  no  air  can  enter  into  A ;  a  is 
opened,  so  that  water  runs  out  until  the  air  in  A  and  B  is  so  far  ex- 
panded that  the  column  of  water  in  B  is  supported.  The  water  then 
ceases  to  run,  provided  that  every  thing  closes  air-tight ;  if  not,  the 
water  will  continue  to  run.  When  thus  the  apparatus  has  been 
tested,  a  is  shut,  and  c  turned  so  that  b  and  d  communicate ;  then 
a  is  opened  so  that  the  water  runs  out  slowly,  the  gas  to  be  tested 
entering  through  d  in  single  bubbles,  and  rising  through  the  coloured 
water.  As  soon  as  the  SO^  contained  in  it  gets  into  the  water,  it 
converts  the  free  iodine  into  iodhydric  acid ;  and  after  a  certain  time 
the  liquid  will  be  decolorized,  which  at  last  happens  very  suddenly 
and  can  be  very  accurately  observed.  As  soon  as  this  happens,  the 
cock  a  is  closed.  By  this  preliminary  operation  the  whole  of  the 
inlet-tube  is  filled  with  the  gas  to  be  tested. 

Now  e  is  opened,  and  a  measured  volume  (say,  n  cub.  centims.) 
of  standard  iodine  solution  is  put  into  the  vessel  A,  by  which,  of 
course,  a  blue  colour  is  again  produced;  e  is  closed  again;  a  is 
cautiously  opened,  and  water  is  run  out  till  the  liquid  in  rf,  which, 
on  opening  e,  had  risen  to  the  level  of  the  outer  liquid,  has  been 
depressed  to  the  point  of  the  tube,  in  order  to  expand  the  gas  in  A 
up  to  the  degree  of  pressure  at  which  the  following  observation 
takes  place ;  then  a  is  quickly  shut,  all  the  water  that  runs  out  is 
poured  away,  and  the  empty  graduated  vessel  C  is  put  back  into  its 
place.  Now  a  is  opened,  and,  by  the  running-out  of  the  water,  gas 
is  slowly  aspirated  through  A,  till  the  liquid  is  decolorized  again, 
whereupon  a  is  closed,  and  the  volume  of  the  water  run  out  into 
the  graduated  cylinder  is  measured.  We  will  call  it  m  cub.  centims. 
In  this  process  no  sulphurous  acid  escapes  unabsorbed. 

If  a  second  testing  is  to  be  made,  without  any  further  alteration 
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a  firesh  quantity  of  iodine  solution  can  be  put  in^  and  the  process 
recommenced.  When  this  has  beeu  repeated  a  few  times,  the  de- 
colorized liquid  in  A,  after  a  short  time,  again  turns  bhie  of  itself, 
because  then  its  percentage  of  HI  has  become  so  large  that  it 
decomposes  on  standing  and  liberates  iodine.  This  liquid  must 
then  be  poured  away,  and  replaced  by  fresh  water  and  a  little 
starch  solution. 

The  calculation  of  the  result  is  as  follows : — The  n  cub.  centims. 
of  iodine  solution,  provided  it  contains  12*7  grams  per  litre,  by 
its  decolorization  shows  0*0032  gram  SOg,  which,  at  0°C.  and 
a  barometrical  pressure  of  760  millims.,  occupies  a  volume  of 
1'104  X  n  cub.  centims.  If  the  barometer  shows  b  millims.,  and  the 
thermometer  /°  C,  and  the  height  of  the  water.  At,  is  =A  millims., 
the  exact  volume  of  0*0032  x  n  gram  SO^  is 

1*104  X  n  X  ,    X  (1  +0*003665  x  0  cub.  centims. 

*"I3^ 

As  the  water  run  out,  and  thus  also  the  gas  aspirated  through  A, 
amounts  to  m  cub.  centims.,  the  volume  of  the  aspirated  gaseous 
mixture,  before  the  absorption  of  the  SO^  contained  therein,  must 
have  been 

760 
m-f  1-104 X n X r- x  (1  +  0003665  x /)  cub.  centims., 

*"I3^ 
and  the  percentage  of  SOg  in  voliunes  of  the  gaseous  mixture 

100 X 1104 X n X -^^  X  (1 +0003665 X 0 

*-13^ 


TO  + 1-104 X n X —^^  X  (1  +  0003665 X 0 . 

*-13F6 

In  most  cases  a  correction  for  the  barometrical  and  thermome- 
trical  changes  will  not  be  required ;  and  the  formula  is  then  simply 

110*4  x«  .    o^ 

per  cent.  SO^. 


m-f  1*104  xn 
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If  the  percentage  of  SO,  in  the  gas  is  very  small^  and  thus  m 
very  large  in  proportion  to  n,  the  formula  may  be  simplified  into 

110-4  xn 
m 

Instead  of  Reieh^s  apparatus^  with  its  tin  and  brass  parts^  the 
following  apparatus,  made  of  glass  bottles,  glass  tubes,  and  india- 
rubber  corks,  can  be  employed,  which  is  both  cheaper  and  more 
durable : — 

A  (fig.  100)  is  a  wide-mouthed  bottle  of  about  1  litre  capacity, 
provided  with  a  three-times  perforated  india-rubber  cork.  Through 
one  perforation  passes  the  glass  tube  a,  which,  by  means  of  the  elastic 
tube  i,  serves  for  introducing  the  gas;  for  this  purpose  a  hole  is 
drilled  into  some  convenient  part  of  the  burner-pipe,  and  the  india- 
rubber  cork  c  exactly  fitted  into  it.  The  second,  somewhat  wider 
perforation  is  closed  by  the  small  plug  d ;  through  the  third  the 
elbow  tube  e  passes,  which  is  connected  with  the  corresponding 
tube  /  of  the  bottle  B,  holding  2  or  3  litres.  The  latter  serves  as 
an  aspirator — the  glass  tube  g,  reaching  to  its  bottom,  being  con- 
tinued into  an  elastic  tube  A,  closed  by  the  pinchcock  i,  the  whole 
when  once  filled  serving  as  a  siphon.  The  graduated  cylinder,  C, 
holds  250  cub.  centims. 

The  operation  is  exactly  the  same  as  with  Reich's  own  apparatus, 
but  with  the  advantage  that  after  opening  the  plug  d  a  certa,in 
quantity  of  iodine  solution  can  be  easily  run  in,  and  the  opening 
can  at  once  be  closed,  a  little  water  and  starch  solution  having 
been  previously  added.  When  the  cork  c  has  been  inserted  in 
the  gas-pipe,  the  pinchcock  %  is  opened  with  the  right  hand,  and 
at  the  same  time  the  bottle  A  is  shaken  up  during  the  passage  of 
the  gas-bubbles.  The  moment  the  blue  colour  of  the  iodized 
starch  has  gone,  the  pinchcock  is  closed,  so  that  no  more  bubbles 
of  gas  can  pass  through.  The  bottle  A  need  not  be  emptied, 
so  long  as  it  has  not  become  too  full ;  but  a  new  analysis  can  be 
made  at  once,  after  a  fresh  quantity  of  iodine  solution  has  been 
added. 

If  10  cub.  centims.  of  a  decinormal  iodine  solution  (=12*7  grams 
in  1000  cub.  centims.)  have  been  put  into  A,  this  quantity,  accord- 
ing to  the  above-given  formula,  will  correspond  to  0*032  gram,  or 
11*14  cub.  centims.  SO^,  at  0°  C.  and  760  millims.;  and  this  number 
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Fig.  100. 


need  only  be  multiplied  hj  100,  and  divided  by  the  nuiDber  of  cub. 
centima.  of  water  collected  in  C,pbu  11,  in  order  to  find  the  per- 
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centage  of  SO,  in  the  gas.  The  barometrical  and  thermometrical 
corrections  are  in  this  case^  of  course^  neglected.  The  following 
Table  will  save  this  calculation.  On  employing  10  cub.  centims.  of 
decinormal  iodine  solution^  the  following  number  of  cub.  centims. 
collected  in  the  graduated  cylinder,  C,  show  : — 

cub.  centims.  Volume  percentage  of  SO,. 

82  120 

86  11-5 

90  110 

95  10-5 

100  100 

106  9-5 

113  9-0 

120  8-5 

128  8-0 

138  7-5 

148  7-0 

160  6-5 

175  60 

192  5-5 

212  50 

Even  if  the  gas  to  be  examined  is  taken  at  a  point  where  it  is 
already  mixed  with  nitre-gas,  this  will  not  exercise  any  practically 
important  influence  upon  the  result.  We  have  already  seen  that, 
in  ordinary  work,  for  each  100  parts  of  SO^  only  1*85  NHO3,  or  its 
equivalent  as  NgOg  or  NOj,  exists  in  the  gas.  In  such  dilute 
aqueous  solutions  as  come  into  question  here  nitric  acid  hardly  at 
all  oxidizes  sulphurous  acid ;  this,  however,  is  done  by  nitrous  and 
hyponitric  acids.  Even  if  we  assume  that  only  NOj  is  formed 
(which  is  going  much  too  far),  this  could  at  most  oxidize  its  equi- 
valent in  SO9,  according  to  the  formula 

NO3+ H^O  +  S02= SO4H5+ NO. 

46  NO2  thus  oxidizes  64  SO^,  or  1*35  NOg  (the  equivalent  of 
1*85  NO3H)  only  1*88  SOg ;  in  other  words,  in  the  worst  case,  never 
happening  in  practical  work,  of  100  parts  SO^  1*88  part  would  be 
oxidized  by  nitrogen  acids  instead  of  iodine.  Even  this  maximum 
error  would,  say,  at  10  per  cent.,  only  amount  to  a  deficiency  of 
0*188  per  cent. ;  but  this  is  certainly  reckoning  it  much  too  high. 
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With  nitrous  acid  the  error  would  only  amount  to  one  half  of  the 
above.  It  will  become  a  little  larger  if  the  sample  of  gas  be  not^  as 
is  preferable,  taken  before  entering  the  Glover  tower,  but  after- 
wards, where  the  nitrous  gas  from  the  nitrous  vitriol  is  abready 
mixed  with  it.  But  if  a  gas  has  to  be  examined  which  contains 
very  little  sulphurous  acid,  and  nitrogen-acids  besides,  such  as  the 
gas  escaping  from  the  chambers  into  the  chimney,  Reich's  test  is 
not  applicable,  because  blue  iodized  starch  is  constantly  reformed. 


Estimation  of  Oxygen  in  Burner-Gas  and  Chamber-Gas. 

This  estimation  is  only  made  exceptionally  on  burner-gas  (latterly 
more  often  than  formerly),  but  all  the  more  frequently  on  the 
gas  leaving  the  chambers  ;  and,  for  the  sake  of  connexion,  it  will 
be  described  here  at  once.  Of  course,  an  analytical  process  to  be 
employed  in  factories  must  be  carried  out  quickly,  and  with 
little  apparatus ;  and  for  this  reason  Bunsen's  eudiometrical 
method  is  hardly  applicable  in  this  case.  It  is,  moreover,  not 
called  for,  as  we  know  a  large  number  of  absorbents  for  oxygen, 
and  at  the  same  time  we  possess  handy  and  sufficiently  accu- 
rate instruments,  such  as  Winkler's  gas-burette  and  similar  ap- 
paratus. 

Among  the  absorbents  of  oxygen,  one  of  the  oldest  is  phosphorus, 
which,  however,  acts  too  slowly,  and  is  consequently  little  employed 
now;  P.  Hart  (Chem.  News,  xix.  p.  253)  gives  special  rules  for 
its  use.  Vogt  (Dingl.  Joum.  ccx.  p.  103)  employs  ferrous  hydrate. 
He  collects  the  gas,  deprived  of  SOg  and  nitrogen-acids  by  potas- 
sium bichromate  and  caustic  potass,  in  a  vessel  of  a  certain  size, 
and  admits  into  this  an  acid  solution  of  the  double  protosulphate  of 
iron  and  ammonia,  and  at  last  ammonia.  All  the  Fe(0H)2  ^^  ^^^^ 
precipitated.  The  absorption  of  oxygen  is  assisted  by  shaking; 
but  it  takes  a  long  time  and  a  large  excess  of  ferrous  hydrate. 
It  is  estimated  either  by  measuring  the  contraction  of  the  gas  or  by 
titrating  the  imoxidized  ferrous  oxide  by  permanganate. 

Scheurer-Kestner's  process  is  more  convenient,  but  unfortunately 
wrong  in  principle  (Compt.  Rend.  Ixviii.  p.  608) .  He  makes  use 
of  Priestley's  (inaccurate)  observation,  according  to  which,  in  a 
mixture  containing  oxygen,  nitric  oxide  is  oxidized  to  NO^,  which 
afterwards  dissolves  in  water  as  equal  parts  of  NgOg  and  NgOa^  or 
rather  as  the  hydrates  of  these  anhydrides.   He  accordingly  divides 
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the  number  of  cub.  centims  absorbed  by  3^  in  order  to  find  the  oxygen 
for  2  volumes  NO  + 1  volume  O  =N02.  Scheurer-Kestner  coUects 
the  gas  in  pear-shaped  india-rubber  vessels^  provided  with  a  eock^ 
which  are  several  times  filled  and  emptied  by  squeezing^  until  the 
gas  may  be  assumed  to  be  pure.  The  nitric  oxide  is  made  from 
copper  filings  and  nitric  acid^  collected  over  water  in  a  graduated 
tube^  and  its  volume  read  ofi;  In  the  same  trough  a  little  of  the 
gas  to  be  examined  is  introduced  into  another  graduated  tube^  read 
off,  sufficient  NO  introduced  from  the  other  tube,  and  after  a  few 
minutes  the  contraction  in  the  second  tube  read  off.  But  in  this 
no  notice  is  taken  of  the  long-known  fact,  to  be  dilated  upon 
when  we  explain  the  theory  of  the  chamber-process,  that  oxygen 
with  NO  not  merely  forms  NOg,  but  also  N^Og,  so  that  the 
simple  proportion  1  :  3  does  not  express  the  proportion  of  ab- 
sorption. 

Ammoniacal  cvprous  chloride  is  employed  in  Orsat^s  apparatus, 
patented  in  1873,  which  also  permits  the  SOg  to  be  estimated 
at  the  same  time.  To  describe  this  apparatus  would  take  up 
too  muqh  space  ;  it  is  sold  by  all  apparatus-makers.  In  spite  of 
its  being  somewhat  expensive,  delicate,  and  not  quite  accurate  in 
its  results,  it  is  certainly  so  very  convenient  for  use  that  many 
works  have  already  introduced  it  for  the  estimation  of  oxygen. 
Winkler's  gas-burette  is  cheaper,  more  accurate,  and  more  easily 
carried  about. 

The  best  absorbent  for  oxygen  is  an  alkaline  solution  oi pyrogallic 
acid,  proposed  in  1820  by  Chevreul,  but  not  until  20  years  later 
practically  introduced  by  Liebig.  Grace  Calvert  (Proc.  Manch.  Lit. 
and  Phil.  Soc.  1863,  p.  184)  has  objected  to  this  reagent,  that  by 
its  action  on  oxygen  carbon  monoxide  is  formed;  but  Poleck 
(Zeitsch.  analyt.  Chemie,  1869,  p.  451)  has  shown  that  this  only 
happens  with  pure  oxygen,  and  never  with  gaseous  mixtures  con- 
taining not  more  than  20  per  cent,  of  oxygen  by  volume.  This  pro- 
cess can  be  used  with  Winkler's  gas-burette,  or  Orsat's  apparatus, 
or  with  a  special  apparatus  constructed  by  Max  Liebig  (Dingl. 
Joum.  ccvii.  p.  37),  and  made  by  Dr.  Geissler  in  Bonn,  which  per- 
mits an  estimation  to  be  made  in  three  minutes'  time. 

It  has  often  been  proposed  to  purify  the  gas  from  any  sulphurous 
acid  or  nitrogen-acids  (which  would  be  equally  absorbed)  by  the 
alkaline  solution  of  pyrogallic  acid,  by  means  of  potassium  bichro- 
mate, or,  at  least,  by  treatment  with  water ;  but  the  error  occasioned 
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by  the  presence  of  these  acid  gases  is  too  small  to  be  taken  into 
account  for  practical  work. 

The  apparatus  and  processes  for  technical  gas-analysis  have  been 
exhaustively  treated  in  an  excellent  work  by  Professor  Winkler 
(^Anleitung  zur  chemischen  Untersuchung  der  Industriegase/ 
Freiberg,  1877),  which  should  be  consulted  for  particulars  on  this 
subject. 

Instead  of  taking  single  samples  of  the  escaping  gas,  or  along 
with  these,  it  is  advisable  to  collect  an  average  sample  (say,  for  24 
hours)  by  aspirating  a  certain  quantity  (say,  about  50  litres)  by 
means  of  a  large  aspirator  with  the  outlet-cock  very  slightly  opened. 
Owing  to  the  slowness  of  the  aspiration,  the  gas  standing  over  the 
water  in  the  aspirator  will  be  thoroughly  mixed  up,  and  by  taking 
a  sample  from  the  aspirator  the  average  percentage  of  oxygen  can 
be  estimated  with  some  degree  of  accuracy. 

Comparison  of  Brimstone  and  Pyrites  as  Material  for  Sulphuric- 

acid-making. 

We  have  found  above  (p.  241)  that  the  burner-gas  from  brim- 
stone is  richer  than  that  from  pyrites  in  the  proportion  of  1  to 
1'314;  that  is  to  say,  under  equal  conditions,  the  gas  generated  in 
burning  pyrites  occupies  1*314  times  as  much  space  as  if  the  same 
quantity  of  sulphur  had  been  employed  as  brimstone.  From  this 
it  directly  follows  that  the  gas  will  also  require  as  much  more 
chamber-space;  thus,  for  an  equal  production  of  sulphuric  acid, 
the  chambers  must  be  about  one  third  larger  if  working  with  py- 
rites than  if  working  with  brimstone.  Usually  it  is  assumed  that 
the  consumption  of  nitre  has  to  be  increased  in  a  similar  ratio ; 
this,  however,  is  not  the  case,  as  a  properly  constructed  Gay-Lussac 
tower  retains  almost  the  whole  of  the  nitre-gas,  and  the  excess 
volume  of  air  is  not  of  great  importance.  Now-a-days,  indeed,  in 
well-managed  works,  less  nitre  is  used  with  pyrites  than  has  ever 
been  used  with  brimstone.  Only,  as  we  shall  see,  the  arsenic  in 
the  pyrites  necessarily  leads  to  a  loss  of  nitre. 

Leaving  the  nitre  out  of  consideration,  the  advantages  of  using 
brimstone  are : — a  somewhat  higher  yield  of  acid  (see  later  on) ; 
rather  less  cost  of  plant,  and  less  trouble  with  the  burners  if  any 
thing  goes  wrong;  and,  above  all,  much  greater  purity  of  the 
sulphuric  acid,  especially  &om  iron  and  arsenic  (though  this  is 
important  only  for  sale  acid).     If  brimstone  could  be  had  at  the 
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same  price  as  the  sulphur  in  pyrites,  nobody  would  hesitate  for  a 
moment  to  employ  the  former ;  and  even  a  moderately  higher  price 
would  not  deter  from  this ;  but  where  the  pyrites-sulphur,  as  is  the 
case  in  most  industrial  countries,  only  costs  one  half  or  even  a 
quarter  of  the  price  of  brimstone,  the  latter  can  no  longer  be  em- 
ployed, except  for  pure  acid ;  and  even  this,  when  the  difference  in 
price  is  very  large,  can  be  more  cheaply  made  from  pyrites  than 
from  brimstone. 

Owing  to  this  cause,  the  manufacture  of  brimstone-acid  in 
Europe  is  confined  to  a  few  small  factories  which  make  specially 
pure  acid  for  bleach-works  &c.  In  America,  however,  where  the 
large  demand  for  vitriol  for  the  refining  of  petroleum  has  caused  a 
large  number  of  vitriol-works  to  spring  up  at  New  York,  Boston, 
Philadelphia,  and  Pittsburg,  the  acid  is  almost  exclusively  made 
from  Sicilian  brimstone,  of  which,  in  1876,  49,500  tons  were  im- 
ported into  Philadelphia.  It  appears  that  the  American  pyrites  is 
not  very  good  ;  and  if  a  raw  material  has  to  be  brought  from  Eu- 
rope, the  question  of  freight  must  evidently  decide  for  brimstone. 
Probably  greater  convenience  and  the  easier  kind  of  labour  required 
have  contributed  to  decide  the  choice  in  favour  of  brimstone. 

It  is  frequently  asserted  that  sulphuric-acid  chambers  worked 
with  brimstone  last  three  times  as  long  as  with  pyrites.  Knapp 
states  their  duration  at  10  to  15  or  more  years.  But  even  with  pyrites 
the  average  time  is  fi'om  8  to  10  years ;  only  the  first  chamber 
wears  out  more  quickly  if  the  gas  is  not  properly  cooled :  in  most 
cases  a  Glover  tower  will  prevent  this.  At  Stolberg  formerly,  when 
the  lead  was  less  pure  and  consequently  less  easily  attacked,  the 
chambers,  even  with  pyrites,  lasted  up  to  20  years.  Probably 
the  percentage  of  arsenic  contained  in  the  pyrites  has  something 
to  do  with  the  duration  of  the  chamber.  So  much  seems  clear, 
that  chambers  worked  with  brimstone  last  somewhat  longer  than 
if  worked  with  pyrites. 

The  Draught -pipes  from  the  Pyrites-burners  leading  to  the 

Chambers 

must  be  constructed  rather  differently  from  those  employed  with 
sulphur-burners,  both  on  accoimt  of  the  flue-dust  and  of  the  higher 
temperature.  It  has  been  stated  above  that  the  gas  escaping  from 
the  sulphur-burners  has  a  temperature  of  100°  to  130°  C,  and  that 
the  gas-pipe  must  not  be  cooled  too  much.     It  is  quite  different 
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with  pyrites.  Bode  calculates  the  temperature  of  combustion 
pyrites  atlSeS^C.  (that  is,  a  atroug  white  heat) .  This  temperature, 
probably,  is  uot  actually  reached  in  the  burner  itself;  and  the  gas 
ifi  already  cooled  very  much  in  the  gas-flue  abore  the  burners ;  but 
it  always  remains  far  too  hot  to  be  taken  direct  to  the  chambers, 
both  because  this  would  disturb  the  process  and  because  it  would 
destroy  the  chambers  very  quickly.  Scheurer-Kestner  (Wurtz, 
Diet,  de  Chim.  iii.  p.  149)  states  the  most  suitable  temperature  ol 
the  gas  on  entering  the  chamber  to  be  60°  C. ;  usually,  however,  i 
is  rather  warmer. 

According  to  this,  the  gas  has  always  to  be  cooled  in  some  way 
and  many  coutriTaaces  have  been  used  for  this  purpose.  The  gas 
is  generally  conveyed  in  large  cast-iron  pipes,  which  are  suitably 
shaped,  as  shown  in  fig.  101,  in  order  that  the  upper  half  may  be 


Fig.  101. 


replaced  independently  of  the  lower  one,  or  taken  away  for  clean- 
ing ;  the  latter  can  also  be  done  by  means  of  man-holes.  For  a  set 
of  trom  12  to  18  burners  a  pipe  of  2  feet  diameter  is  sufficient ;  but 
they  are  sometimes  made  upwards  of  8  feet  in  diameter.  Only  rarely 
are  they  made  to  be  lined  with  fire-bricks,  as  shown  in  fig.  102 ;  the 
cooling  in  this  case  is  very  imperfect,  and  the  cost  much  higher. 
Occasionally,  in  very  large  works,  square  or  oblong  flues  of  wrought 
or  caat-iron  are  found.  Brick  flues  are  very  unsuitable,  except  for 
perpendicidar  shafts  or  for  flue-dust  chambers.  They  are  made  of 
bricks  boiled  in  tar,  and  set  with  tar  and  sand.  Earthenware  pipes 
would  crack  too  quickly.  If  a  Glover  tower  is  present,  the  iron 
pipes  go  up  to  this ;  otherwise  they  are  replaced  by  lead  pipes 
shortly  before  entering  into  the  chambers. 

At  some  works  the  gas  is  simply  cooled  by  making  the  draught- 
pipes  very  long,  up  to  300  feet :  this  is  expensive  and  inconve- 
nient. At  others  the  pipes  are  led  through  water-tanks,  or  the  gas 
passes  through  lead  cylinders  with  an  iron  jacket  and  the  cooling- 


THE  BURNER-OAS.  259 

water  between  them.  Even  more  complicated  contrivances  for 
cooling  have  been  employed ;  but  we  shall  not  go  into  them^  as 
their  special  construction  is  of  small  moment^  and  as  a  Glover 
tower  makes  them  unnecessary.  It  must  be  considered  that 
the  gas  from  pyrites-burners  acts  very  corrosively,  especially  by 
its  percentage  of  SOg  or  SO4H2,  which,  however,  only  comes  into 
play  on  cooling.  The  more  completely  this  is  effected,  the  more 
both  metals  and  brickwork  are  acted  upon.  A  Glover  tower 
entirely  avoids  this  drawback,  whilst  cooling  by  acid-evaporating- 
pans  retains  it — to  counteract  which  the  pan-flues  have  to  be  made 
of  acid-proof  material. 

The  only  rational  way  of  cooling  the  gas  is  to  utilize  the  heat  of 
the  gas;  and  the  use  made  of  it  in  most  factories  is  for  concentra- 
ting the  chamber-acid.  Formerly  this  was  most  frequently  done 
by  pans  placed  on  the  burners  and  gas-flues,  latterly  by  the 
Glover  tower,  as  we  shall  see  in  the  following  chapters. 

In  the  gas-flues  and  draught-pipes  flue-dust  is  always  deposited, 
much  more  when  smalls  arc  burnt  than  with  lump  ore,  especially 
in  furnaces  where  the  small  ore  is  moved  about.  In  such  cases 
special  dust-chambers  are  indispensable,  as  has  been  remarked  in 
the  description  of  those  furnaces.  Even  with  large  lumps  the 
flues  and  pipes  must  be  cleaned  out  from  time  to  time,  as  they 
^fould  otherwise  be  stopped  up  entirely.  At  some  factories  this  is 
done  monthly,  at  others  more  rarely.  If  the  deposit  is  allowed  to 
remain  too  long,  it  hardens  into  a  stone-like  mass,  which  cannot  be 
got  out  without  stopping  the  process. 

The  composition  of  this  deposit  varies,  of  course,  very  much ;  and 
even  its  external  aspect  varies  from  that  of  a  dry,  light  dust  to 
that  of  thick,  strongly  acid  mud.  Clapham  analyzed  such  a  deposit 
(Richardson  and  Watts,  Chem.  Teclmol.  i.  3,  p.  73),  and  found : — 

Sand&c 2333 

Lead  oxide    1*683 

Ferric  oxide  3-700 

Cupric  oxide trace. 

Zinc  oxide trace. 

Arsenious  acid  58*777 

Sulphui*ic  acid  25*266 

Nitric  acid trace. 

Water 8000 

99-759 

82 
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Reich  (^  Erdmann's  Journal/  xc.  p.  176)  found  in  the  Mulden 
Works  a  crystallized  deposit  consisting  of  equal  molecules  of  ar- 
senious  acid  and  sulphuric  acid. 

In  other  cases  the  deposit  is  dry  dust^  mostly  consisting  of 
mechanically  conveyed  pyrites  dust,  better  burnt  than  that  within 
the  burner  itself  (Bode,  '  Beitrage/  p.  41),  and  nearly  always  con- 
taining so  much  arsenic  that  its  crystals  can  be  seen  with  the  naked 
eye. 

H.  A.  Smith  (^  Chemistry  of  Sulphuric- Acid-making  ^)  found  in 
it  46*86  per  cent,  of  As^O.,,  along  with  a  large  quantity  of  sulphur 
in  the  pasty  condition — the  latter,  of  course,  formed  by  sublimation 
from  pyrites. 

The  flue-dust  is  also  a  principal  source  of  thallium,  as  we  shall 
see ;  and  when  selenium  occurs  in  the  pyrites  it  is  found  in  the 
flue-dust. 
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CHAPTER  VIII. 

THE  LEAD  CHAMBERS. 

We  liave  already  seen^  in  our  historical  survey,  through  how  many 
stages  the  construction  of  that  apparatus  has  gone  in  which  now- 
a-days  all  sulphuric  acid,  except  the  Nordhausen  oil  of  vitriol, 
is  made,  viz.  the  lead  chamber.  The  reader  already  knows  that 
sulphuric  acid  is  formed  by  the  oxygen  of  the  air  being  transferred 
to  sulphur  dioxide  through  the  intervention  of  the  acids  of  nitro- 
gen and  with  the  aid  of  a  molecule  of  water,  thus : 

SOg  +  O  +  H,0  =  SO4H2. 

All  the  substances  coming  into  question  here,  except  the  final 
product,  are  in  the  state  of  a  gas  or  (as  the  water)  of  a  vapour. 
The  reaction  takes  a  certain  time,  as  the  same  molecule  of 
nitrous  or  hyponitric  acid  has  to  be  frequently  reduced  and  reoxi- 
dized,  and  as  the  gases  are  only  gradually  mixed  so  intimately 
that  they  can  actually  enter  into  reaction.  There  must  therefore 
be  a  space  given  in  which  large  quantities  of  gas  can  remain  for 
some  time.  According  to  the  calculations  given  on  pp.  231  and 
238,  for  each  kilogram  of  sulphur  in  the  state  of  brimstone  6199, 
or  in  the  state  of  pyrites  8145  litres  of  gas,  reduced  to  0°  and  760 
millims.  pressure, must  enter  into  reaction;  and  these  figures  are  a 
good  deal  increased  by  the  higher  temperature,  the  steam,  &c.  In 
order  to  harbour  such  very  large  quantities  of  gas,  very  large  spaces 
must  be  provided.  Since  the  strongest  acids  have  to  be  dealt  with, 
both  in  the  liquid  and  the  gaseous  form,  most  materials  other- 
wise used  in  building  are  out  of  the  question;  and  since,  of 
those  suitable,  glass,  earthenware,  &c.  arc  excluded  by  the  large 
size  of  the  apparatus,  practically  only  one  material  remains  which 
is  sufficiently  cheap  and  suitable  for  the  purpose,  viz.  lead.  The 
disadvantages  of  this  metal,  such  as  its  great  weight,  its  softness 
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and  lack  of  rigidity,  its  easy  fusibility,  its  comparatively  high 
price  cannot  outweigh  the  advantages  which  none  of  the  base 
metals  shares  with  it  for  our  purpose,  viz. : — its  great  chemical 
resistance  to  the  acid  gases  and  liquids ;  its  ductility,  which  per- 
mits rolling  it  into  large  sheets ;  its  extraordinary  pliability  and 
toughness,  by  the  assistance  of  which  it  can  easily  be  shaped  in 
every  possible  way ;  and,  lastly,  even  its  easy  fusibility,  which  per- 
mits the  edges  of  two  sheets  to  be  so  completely  united  by  melting 
together  with  a  strip  of  lead,  that  they  form  a  whole  for  all  prac- 
tical purposes,  so  that  it  is  possible  to  make  vessels  of  indefinitely 
large  size  and  any  shape,  provided  that  care  be  taken  to  support  the 
walls  of  the  vessel  on  the  outside,  lest  they  collapse  by  their  own 
weight. 

A  special  advantage  of  lead  is  this,  that  even  after  a  number  of 
years,  when  the  chambers  have  become  quite  worn  out,  the  greater 
portion  of  its  value  can  be  recovered  by  remelting  the  material ; 
even  the  mud  containing  lead  can  be  utilized. 

The  attempts  to  make  sulphuric-acid  chambers  from  other  materials 
than  lead  have  completely  failed.  To  this  class  belongs  the  proposal 
of  Leyland  and  Deacon  (patents  of  September  10th  and  December 
2nd,  1853)  to  make  them  of  hard-burnt  firebricks,  slate,  sandstone, 
basalt,  &c.,  set  with  a  mixture  of  melted  sulphur  and  sand.  Vul- 
canized  india-rubber  or  gutta  percha  are  just  as  useless ;  Krafit 
(Wagner's  '  Jahresb.'  1859,  p.  137)  found  that  gutta  percha  in  an 
acid-chamber  loses  six  times  as  much  weight  as  lead,  and  half  as 
much  again  of  its  surface.  It  would  be  absolutely  impossible 
to  use  it,  because  it  softens  at  the  temperature  of  the  chambers, 
and  in  that  state  is  even  more  easily  acted  upon  by  the  gases. 
Simon's  zeiodelite  (Dingler's  'Journal,'  civ.  p.  100),  a  mixture  of 
19  sulphur  with  42  pounded  glass,  to  be  employed  in  slabs  of  i  inch 
thickness,  has,  no  doubt,  never  been  so  much  as  tried  for  this  pur- 
pose, no  more  than  the  sheets  of  glass  proposed  by  Wilson  and 
others. 

We  will  now  describe  the  erection  of  lead  chambers. 

The  chambers  are  always  placed  at  some  elevation  above  the 
ground-level.  Now-a-days,  probably,  chambers  are  nowhere  found 
placed  on  the  ground  itself,  or  on  such  low  foundations  that  one 
cannot  at  least  walk  about  underneath  ;  mostly  their  bottoms  are 
much  higher  than  this.  The  first  object  of  this  is  to  give  the 
opportunity  of  ascertaining  whether  the  chambers  are  tight.     If 
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their  bottoms  are  not  easily  accessible^  large  quantities  of  sul- 
phuric acid  may  get  lost  in  the  ground  before  any  loss  is  detected. 
And  this  not  merely  means  a  loss  of  the  acid^  but  still  more :  the 
foundations  are  corroded  and  undermined ;  and  the  whole  structure 
may  collapse.  The  expense  of  building  the  chambers  on  pillars 
&c.  is  not  thrown  away,  as  the  whole  space  underneath  can  be  used 
as  a  warehouse  which  in  winter  time  has  always  a  moderately  high 
temperature ;  or  it  may  even,  if  high  enough,  be  utilized  for  the 
pyrites-kilns  Sec.  In  the  latter  case  it  should  be  from  17  to  20 
feet  high.  At  some  works,  which  are  pressed  for  space,  even 
the  sulphate-furnaces,  ball-furnaces,  &c.  are  built  underneath  the 
chambers ;  but  the  tpaoe  below  them  in  this  ease  must  be  at  least 
80  feet  high. 

In  any  case  the  soil  must  first  be  examined  to  ascertain  whether 
it  affords  a  safe  foundation ;  for  if  it  settles  more  in  one  place  than 
in  another,  the  chamber  gets  out  of  plumb,  and  its  bottom  out  of 
level,  which,  owing  to  the  acid  lying  on  the  latter  and  on  the  insta- 
bility of  the  chamber-sides,  causes  great  inconvenience.  A  rocky 
or  pebbly  ground  is  best ;  next  to  this,  sand  or  clay ;  marl  or  lime- 
stone are  bad,  because  sometimes  acid  will  run  over  accidentally, 
which  acts  upon  it;  and  this  may  happen  even  with  clayey  soil. 
In  such  cases  the  whole  soil  underneath  the  chambers  must  be 
protected  by  a  layer  of  asphalte. 

The  pillars  upon  which  the  chamber  is  erected  must,  of  course, 
go  down  to  the  "  rock,^^  as  in  any  ordinary  higher  building.  If 
the  accumulation  of  made  ground  or  loose  earth  is  so  deep  that  it 
would  be  too  costly  to  excavate  and  raise  the  pillars  from  below, 
piles  must  be  driven  in,  according  to  well-known  building-rules, 
and  the  pillars  built  upon  these. 

The  pillars  themselves  can  be  made  of  brickwork,  stone,  cast 
iron,  or  wood.  Sometimes,  instead  of  single  pillars,  whole  walls 
are  found,  viz.  two  longitudinal  walls,  connected  by  cross  joists 
and  interrupted  by  doors,  windows,  &c.,  as  shown  in  the  sketch, 
fig.  103  (p.  264).  Such  long  walls  take  much  material  and  make 
the  room  underneath  the  chambers  dark,  in  spite  of  the  windows. 
They  are  only  suitable  where  the  chambers  are  placed  unusually 
high  in  order  to  build  furnaces  underneath.  Up  to  a  height  of 
about  26  feet  metal  pillars  seem  preferable. 

The  cheapest  pillars  are  those  made  of  wood  or  bricks;  very 
rarely  they  are  made  of  stone — much  more  frequently  of  the  dearer 


8ULPHUK1C  A 


but  much  stronger  and  more  durable  material,  caat-irou.  If  made 
of  woodj  round  or  canted  balks  of  at  least  10  inches  (better  12 
inches)  thickuesB  must  be  employed.    Mostly  fir  or  pine  wood  is 


used,  especially  Scotch  fir,  but  the  American  pitch  pine  or  yellow 
pine,  such  as  w  used  for  ship  bmlding,  is  preferable  (on  account  of 
its  much  greater  durability)  in  spite  uf  its  higher  price.  This 
applies  not  merely  to  the  foundation  pillars,  but  e\en  more  to  the 
frame  of  the  chamber  itself  The  pillars  must  Tarv  in  their  thick- 
ness, mutual  distance,  and  manner  of  being  stayed,  according  to 
their  height  and  the  weight  resting  upon  them  but  for  an  average 
height  o£  10  to  13  feet  which  will  not  often  be  exceeded  with 
wooden  pillars,  they  ought  not  to  be  further  apart  than  10  to  at 
most  13  feet  from  centre  to  centre.  In  any  case  they  are  put  into 
a  stone  socket  projecting  from  the  ground,  lest  the  bottom  of  the 
pillar  be  damaged  by  any  moisture  or  acid;  the  stone  lias  at  the 
top  a  hollow  of  ^  to  1  inch  depth,  into  which  the  fool  of  the  pillar 
fits  exactly ;  at  first  a  little  tar  is  poured  into  it.  AVooden  pil- 
lars do  not  last  long ;  they  are  not  to  be  trusted  very  much,  and 
are  rarely  found  now  in  lai^er  works,  at  any  rate  as  principal 
pillars,  except  where  wood  is  very  cheap. 

Much  more  frequently  brick  pillars  are  employed.  These  also 
are  not  often  made  above  13  feet,  at  most  15  feet  high  ;  they  are  at 
least  18  inches  (better  2  feet)  square.  They  are  made  of  common 
bricks  with  a  mortar  very  poor  in  lime.  The  mortar  can  be  made 
very  cheaply  and  of  excellent  quality  in  this  manner : — A  ton  of 
alkali  (tank)  waste,  two  tons  of  furnace-cinders,  6  to  8  cwt.  of 
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slaked  lime^  and  sufficient  water  are  ground  up  in  a  pug-mill^  till 
the  mixture  has  become  a  homogeneous  tough  mass  of  the  consis- 
tency of  putty.  This  usually  takes  an  hour.  Instead  of  lime 
slaked  on  purpose,  the  lime  riddlings  from  the  blcaching-powder 
manufacture,  which  are  otherwise  worthless,  can  be  used,  and  with 
equally  good  results.  This  mortar  is  used  without  any  sand ;  it  can 
be  kept  for  some  days,  and  sets  very  quickly  and  hard,  much  more 
so  than  ordinary  mortar,  and  is  even  more  resistant  to  acids.  Thus 
from  worthless  materials,  which  otherwise  cost  some  expense  for 
their  removal,  a  mortar  of  much  greater  value  than  lime  mortar 
can  be  made,  which,  of  course,  can  be  used  for  any  other  purpose 
as  well ;  its  only  drawback  is  that  the  joints  are  not  white,  but 
blackish  grey,  and  that  salts  effloresce  on  the  surface,  which, 
however,  after  having  been  washed  away  a  few  times,  do  not  return 
again.  Undoubtedly  the  great  hardness  of  this  mortar  is  owing  to 
the  presence  of  sulphate  of  lime,  similar  to  Scott's  selenite  mortar. 

The  brick  pillars  in  many  works  have  been  replaced  by  cast-iron 
ones,  because  they  suffer  a  good  deal  by  acid  running  over,  espe- 
cially at  the  top,  where  the  beams  rest.  Even  the  bricks  themselves 
become  rotten  by  contact  with  the  acid,  and  only  stand  better  if 
previously  soaked  in  hot  tar ;  but  they  take  the  mortar  very  badly 
after  that.     They  can  also  be  painted  with  hot  tar  afterwards. 

On  the  continent,  where  in  consequence  of  the  colder  winters 
and  hotter  summers  the  chambers  have  to  be  placed  in  a  closed 
building,  the  pillars  can  be  built  in  a  piece  with  the  main  walls  of 
this  building ;  but  it  is  even  then  best  to  keep  them  to  themselves, 
as  their  settlement  is  different  from  that  of  the  main  walls. 

Chambers  20  feet  and  upwards  in  width  are  sometimes  built 
with  mixed  pillars — viz.  brick  pillars  for  the  two  long  sides,  and 
wooden  pillars  for  the  centre  row. 

Stone  pillars  are  not  often  used  for  acid-chambers.  Made  of 
rough  stones,  they  would  be  extremely  clumsy ;  and  hewn  stone  in 
most  places  is  too  dear.  On  the  other  hand,  of  course,  stone 
pillars  are  very  substantial,  and  last  almost  for  ever,  unless  the 
stone  be  very  soft  and  rotten. 

In  the  larger  works  in  England  cast-iron  pillars  have  latterly  been 
almost  exclusively  employed,  in  spite  of  their  higher  cost.  These 
can  be  made  30  or  even  36  feet  high ;  they  take  very  little  space, 
and  are  almost  imperishable  if  painted  from  time  to  time.  They 
can  be  weighted  a  good  deal  more  than  any  other  pillars^  unless 
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these  are  made  very  thick ;  and  they  can 
be  used  as  aupporte  for  many  other  pur- 
poses by  means  of  cast-on  brackets  or 
even  of  pieces  bolted  on  subsequently. 
A  brick  or  atone  foundation  must  be 
made  for  them  up  to  the  level  of  the 
ground  or  a  little  higher ;  the  top  stone 
is  made  with  a  socket  to  receive  the 
foot  of  the  pillar,  as  in  the  case  of 
wooden  ones ;  or  holes  are  drilled  into 
the  stone,  corresponding  to  other  holes 
iu  the  base  of  the  column;  and  the 
joint  ia  made  by  iron  cramps,  fast- 
ened by  pouring  iu  melted  lead,  or 
in  some  other  way. 

The  cast  metal  columns  are  now 
usually  made  of  an  H-^l^^P^d  section, 
and  a  little  tapering  upwards.  Fig.  104 
will  show  this  more  distinctly,  together 
with  a  bracket  on  each  side  for  receiving 
a  wooden  stay  for  the  timber  above, 
Another,  cross-shaped  section  is  shown 
in  fig.  105.  These  constructions  are 
stronger,  for  an  equal  weight  of  metal, 
than  round  columns,  and  better  adapted 
for  brackets  &:c.  If  higher  than  shown 
in  the  figures  (15  feet),  they  must  be 
correspondingly  stronger — for  instance, 
for  20  or  34  feet  height,  12  inches  dia- 
meter at  the  base.  Such  columns  can 
be  placed  at  20  feet  distance  from  centre 
to  centre,  if  the  heams  resting  upon 
them  are  strong  enough. 

ITie  mutual  distance  of  the  pillars 
across  the  width  of  the  chambers  is 
I  arranged  in  this  way  : — ^They  and  the 
beams  resting  upon  them  are  just 
underneath  the  side  frames  of  the 
chambers,  because  they  support  not 
only  the  sides,  but  abo  the  roof  of  the 
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chambers^  as  we  shall  see  directly.  In  the  case  of  narrow  cham- 
bers this  suffices ;  but  with  wider  ones  (say  about  15  feet)  a  centre 
row  of  pillars  must  be  added.  On  the  other  hand  a  single  row  of 
pillars^  if  strong  enough^  suffices  for  supporting  the  beams  for  the 
sides  of  two  adjoining  chambers  (say  the  east  side  of  one  and  the 
west  side  of  another  chamber),  the  distance  between  these  usually 
not  exceeding  5  feet.  Of  course  this  requires  much  stronger  beams ; 
but  it  effects  a  considerable  saving  in  material  and  in  space. 

Above  the  pillars  there  are  generally,  in  England,  Umgitudmal 
sleepers.  If  there  is  a  continuous  wall  in  the  place  of  pillars,  to 
cover  this  with  a  2-inch  plank  will  be  sufficient ;  but  if  there  are 
separate  pillars,  the  sleepers  must  be  strong  enough  to  support  the 
whole  structure  of  the  chambers,  both  wood  and  iQad ;  and  their 
strength  will  then  depend  on  the  distance  between  the  pillars.  With 
chambers  of  20  feet  height,  and  distances  between  the  pillars  of 
20  feet  from  centre  to  centre,  the  longitudinal  sleepers  ought  not 
to  be  less  than  12  to  14  inches  high,  and  ought,  besides,  to  be  sup- 
ported by  stays,  as  shown  in  fig.  106.  With  the  pillars  at  shorter 
distances  (say  10  or  13  feet),  timber  of  9  by  12  inches,  always  on 
edge,  suffices  for  the  longitudinal  sleepers.  The  joints  of  the 
beams  of  which  they  consist  ought  to  be  well  connected,  as  shown 
in  fig.  106,  and  ought  to  be  placed  between  the  pillars,  where  they 

Fig.  106. 


are  supported  from  below  by  the  stays.  The  upper  face  of  the 
sleepers  must  be  as  well  levelled  as  possible  from  one  end  of  the 
chambers  to  the  other.  Above  these  the  cross  joists  are  placed, 
running  from  side  to  side,  and  made  long  enough  to  carry  the  side 
frames,  and  to  leave,  moreover,  a  passage  round  the  chambers. 
For  the  latter  object  only  every  third  or  fourth  joist  need  project 
about  5  feet  on  each  side.    On  the  Continent  the  joists  are  usually 
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made  square  in  section,  in  England  always  of  planks  on  edge,  which 
seems  preferable,  because  for  an  equal  volume  of  wood  the  support 
of  the  chamber-floor  is  divided  over  a  larger  area,  and  the  erection 
is  thus  strengthened.  Here  also  the  span  must  be  considered  in 
fixing  the  strength  of  the  wood.  If  chambers  are  much  less  than 
20  feet  wide,  which  rarely  happens  now,  no  centre  longitudinal 
sleeper  is  needed,  and  the  cross  joists  should  have  9  by  3  inches 
section,  and  corresponding  length.  Wider  chambers  require  a 
centre  row  of  pillars  and  sleepers ;  and  in  this  case,  as  such  long 
planks  are  not  easy  to  get,  the  joists  can  be  made  in  two  lengths, 
resting  on  a  side  and  on  the  centre  sleeper.  The  horizontal  dis- 
tance of  the  floor-joists  is  usually  12  inches  from  centre  to  centre. 
Some  works  have  them  3  by  11  inches.  The  length  of  the  joists 
is  equal  to  the  width  of  the  chambers  plus  the  chamber-frame,  plus 
the  width  of  the  passage. 

The  joists  are  covered  with  a  1-inch  floor,  laid  quite  level  in  all 
directions.  As  the  flooring-boards  might  easily  warp  afterwards 
from  the  heat  of  the  chambers,  this  must  be  prevented  by  the 
well-known  methods  of  carpentry.  The  edges  of  the  boards  are 
planed  so  as  to  form  a  perfectly  smooth  floor  without  any  chinks. 

Another  system  of  building  is  more  in  favour  on  the  Continent. 
First,  from  pillar  to  pillar  strong  sleepers  are  laid  across  the  width 
of  the  chamber ;  upon  this  a  large  number  of  longitudinal  joists 
are  laid,  and  the  flooring-boards  on  the  top  of  these,  running  from 
one  side  of  the  chamber  to  the  other. 

Upon  the  whole  the  frame  of  the  chamber  is  erected,  which  senxs 
for  supporting  the  lead.  It  consists,  for  each  side  of  the  chamber, 
of  a  sole  tree  and  a  crown  tree,  connected  by  uprights,  and  further 
tied  by  cross  rails  or  stays.  The  sole-  and  crown-trees  and 
uprights  are  either  of  square  section  (say  6  inches  square  for  a 
chamber  up  to  20  feet  high),  or  oblong  (say  7  by  3  inches).  The 
sole-  and  crown-trees  lie  on  the  flat  side;  and  the  uprights  are 
mortised  into  them  so  that  their  longer  side  just  covers  the  trees. 
In  the  corners  the  trees  project  over  and  are  rabbited  into  each 
other.  If  no  cross  rails  are  employed,  the  uprights  are  placed 
3  feet  3  inches  apart  from  each  other ;  if  they  are  connected  by 
cross  rails,  they  can  be  placed  4  feet  apart.  The  cross  rails  are 
3  inches  by  2  inches ;  they  are  only  partly  let  into  the  uprights, 
in  order  not  to  weaken  these,  and  are  placed  at  vertical  distances 
of  4  to  5  feet  from  each  other.     The  chamber-lead  is  kept  a  little 
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apart^  so  that  the  air  can  cool  it,  as  otherwise  it  is  readily  corroded 

by  the  acid ;  even  insects  from  the  wood  may    p.    .^        ^,    y^ 

penetrate  it  (Bode).     Sometimes  the  cross 

rails  are  cut  into  particular  shapes,  such  as 

those  shown  in  figs.  107  and  108,  in  order 

to  touch  as  little  of  the  surface  of  the  lead  as 

possible.     Whether  cross  rails  are  used  or 

not,  in  any  case  there  should  be  diagonal 

stays,  to  give  more  stability  to  the  frame.  It 

is  not  of  much  consequence  how  the  stays  are  put,  so  long  as  this 

is  done  according  to  the  well-known  rules  of  carpentry. 

If,  as  is  usual  in  England,  the  chambers  are  in  the  open  air,  one 
side  of  the  frame  is  made  about  a  foot  higher  than  the  other,  so 
that  the  rain-water  and  melted  snow  can  run  off,  and  on  the  lower 
side  a  water- spout  is  arranged  in  such  a  way  that  the  rain- 
water cannot  run  along  the  chamber-side  down  into  the  acid  at 
the  bottom. 

Now  the  chamber  itself  can  be  erected.  For  this,  sheet  lead 
as  wide  as  the  rolling-mills  can  supply  it,  and  of  convenient  length, 
is  used,  so  as  to  have  as  few  seams  as  possible.  The  usual 
strength  in  England  is  6  lb.  to  the  superficial  foot,  sometimes 
7  lb.,  especially  for  the  ends  and  the  top,  or  for  the  first  chamber 
of  a  set. 

This  thickness  is  sufficient  for  a  chamber  to  last  ten  years ;  the 
bottom  lasts  longest,  just  because  it  does  not  get  so  hot  as  the  sides 
and  the  top,  and  because  it  is  more  protected  by  the  mud  of  lead 
sulphate  which  collects  upon  it ;  only  in  cases  of  gross  neglect  (for 
instance,  if  nitric  acid  gets  to  it)  it  is  quickly  worn  out,  whether 
the  lead  be  thick  or  thin. 

The  sheets  of  lead  were  at  first  joined  together  by  the  ordi- 
nary soft  solder,  which  is  very  convenient  for  use,  but  is  soon 
corroded  by  the  acid.  Places  soldered  thus  are  also  much  more 
brittle  than  pure  lead.  So  long  as  the  chambers  had  to  be 
put  together  in  this  way,  there  was  occasion  for  innumerable 
repairs. 

Another  plan  (which  is  much  better  in  this  respect,  but  takes 
much  lead,  and  is  only  easily  applicable  for  straight  seams)  is  the 
rabbit-iomi.  The  edges  of  two  sheets  of  lead  are  turned  over  in 
the  way  shown  in  fig.  109,  put  into  one  another,  and  beaten 
down  on  a  smooth  surface.     Such  joints  are  gas-tight,  and  have 
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been  used  here  and  there  in  England  tilt  within  the  last  few 
years. 

The  kind  of  joint  now  generally  used  is  that  made  by  Ituminff, 
with  the  lead  itself — that  is,  by  melting  it  with  a  hydrogen  flame 
fed  by  compressed  air.  In  this  way  the  two  sheets  are  joined  so 
tightly,  that  with  good  work  the  joint,  being  thicker  than  the 
sheets,  is  actually  stronger  than  they.  If  the  work  is  rough  and 
uneTen,  foreign  Bubstances  will  easily  be  deposited  in  the  rough 
parts,  by  which  the  lead  may  be  damaged. 

This  mode  of  joining  was  invented  by  Debassyns  de  Bichemont. 
Two  apparatus  are  required  for  this,  whose  construction  is  shown 
in  figs.  110  and  111.  Fig.  110  shows  the  "plumbers'  machine" 
— that  is,  the  hydrogen-apparatus — quite  similar  to  an  ordi- 
nary laboratory  gas-holder,  but  made  of  lead,  often  with  a  wood 
casing.  The  lower  vessel,  A,  contains  a  lead  grating,  K  L,  upon 
which  granulated  or  scrap  zinc  is  put.  The  upper  vessel  contains 
dilute  sulphuric  acid.  The  connecting-tube  with  a  cock  /allows 
the  gas  to  pass  out  of  the  opening  C,  after  it  has  first  got  washed 
in  a  water-vessel.  Often  there  is  a  plain  outlet  just  above  the 
cock  /.  The  outlet  is  connected  with  a  long  india-rubber  tube, 
by  means  of  which  the  gas  can  be  conducted  to  a  distance.     The 
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tube  G  serves  for  running  sulphuric  acid  from  B  to  A.  It  can 
only  run  in  as  gas  is  allowed  to  escape  by  opening  the  cock/;  and 
thus  a  continuous  current  of  gas  is  obtained.  The  openings  D,  E, 
and  F  serve  for  introducing  acid  and  zinc,  and  for  running  off  the 
solution  of  zinc  sulphate. 

The  second  part  of  the  apparatus,  which  is  shown  in  fig.  Ill,  is 
simply  a  portable  smith's-bellows  of  cylindrical  shape,  the  lever  of 
which,  0  ac,  a.  boy  works  with  his  foot.  The  air  is  forced  through 
the  valve  D  from  C  to  the  closed  air-vessel  B,  and  escapes  through 
the  opening  /,  likewise  connected  with  a  long  elastic  tube.  The 
two  tubes  are  united  by  the  blow-pipe,  fig.  112;  and  the  mixture 

Fig.  112. 
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is  ignited.  Each  limb  of  the  blow-pipe  is  provided  with  a  stop- 
cock, by  turning  which  the  plumber  may  admit  more  air  or  hydrogen 
at  will,  and  thus  can  produce  a  flame  of  any  size,  which,  however, 
should  never  be  an  oxidizing  one. 

The  mouth-piece  of  the  blow-pipe  itself  is  sometimes  connected 
with  the  fork-shaped  piece  by  a  short  elastic  tube,  to  make  it  more 
mobile.  Besides  the  ordinary  mouth -piece,  ending  in  an  aperture 
of  about  ^z  of  an  inch  diameter,  the  plumber  also  carries  another, 
provided  with  a  small  brass  shield,  to  obtain  a  steady  flame  in  windy 
weather.  The  gases  unite  only  immediately  before  escaping ;  and 
thus  the  flame  cannot  strike  back.  By  means  of  this  machine  a 
pointed  and  very  hot  hydrogen  flame  is  produced,  which,  at  the 
place  where  it  touches,  melts  the  lead  immediately  down  to  a 
certain  depth;  and  the  art  of  burning  consists  in  touching  and 
melting  parts  of  two  sheets  at  the  same  time,  which,  on  cooling, 
solidify  to  a  whole. 

It  has  happened  that  plumbers  have  been  poisoned  by  arseni- 
uretted  hydrogen,  produced  by  impurities  in  either  the  zinc  or 
the  sulphuric  acid.  The  hydrogen  can  be  freed  from  this  by 
washing  it  in  a  solution  of  cupric  sulphate,  by  which  the  arsenic 
is  precipitated. 

The  burning  itself  is  a  kind  of  work  requiring  much  practice^ 
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because  the  plomber  must  not  allow  the  flame  to  act  a  moment  too 
short  a  time  or  too  long.  If  be  docs  the  former,  the  fusion  is  not 
perfect,  and  the  seam  is  not  tight;  if  he  does  the  latter,  he  bums 
hole  in  the  lead.  \Vherever  it  is  possible,  one  sheet  is  laid  about 
2  inches  over  the  edge  of  the  other,  as  shown  in  fig.  ]  13.     The 

Tig.  113. 


seam  is  made  with  the  help  of  a  strip  of  lead,  about  ^  by  J  inch 
thick,  which  the  plumber  holds  in  one  hand  whilst  he  guides  the 
blow-pipe  with  the  other.  He  works  in  this  way: — He  touches 
with  the  flame  the  place  a  (fig.  113),  where  the  edge  of  one  sheet 
lies  upon  the  other,  so  that  the  surface  of  the  lead  (previously 
scraped  clean)  just  melts,  but  the  back  part  of  the  lead  does  not 
melt.  At  the  same  time  he  holds  the  above-mentioned  strip  in 
the  flame,  so  that  drops  fall  from  it  onto  the  just-melted  part 
o£  the  sheets,  and  the  whole  is  united  into  a  scam,  b,  all  fusing 
together  into  one  mass.  By  a  slight  motion  of  the  wrist  the 
plumber  removes  the  flame  for  a  moment,  and  the  lead,  which  has 
only  just  been  melted,  at  once  solidifies ;  in  another  second  the 
flame  is  again  directed  upon  the  lead,  and  a  new  drop  flows  partly 
over  the  first  one ;  so  that  at  last  the  whole  seam  takes  the  shape 
shown  in  flg.  114. 

Fig.  114. 


Although  all  this  is  much  more  easily  described  than  carried  out 
successfully,  atill  the  burning  of  Iwrizontal  seams  is  learned  in  a 
comparatively  abort  time,  and  can  be  done  very  quickly  by  a  prac- 
tised workman. 
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The  burning  of  perpendicular  (upright)  joints  is  much  more  dif- 
ficult, and,  even  in  the  hands  of  the  most  experienced  workman, 
takes  at  least  three  times  as  much  time  for  the  same  length  of  seam 
as  horizontal  burning,  without  ever  being  as  strong  as  the  latter. 
This  is  easily  understood;  for  the  melted  lead,  which  quietly  remains 
lying  on  a  horizontal  sheet,  in  upright  burning  at  once  runs  down ; 
and  this  can  only  be  prevented  in  one  way:  the  lead  must  be  heated 
exactly  up  to  the  melting-point,  and  the  flame  instantly  removed 
till  the  seam  has  solidified ;  and  the  burning  must  always  be  done 
from  the  bottom  upwards,  so  that  to  a  certain  extent  the  seam  will 
retain  the  drops  of  lead.  In  this  case  much  use  cannot  be  made 
of  strips  of  lead  for  strengthening  the  seam. 

A  practised  plumber  can  bum  as  much  as  10  feet  upright  or  25 
feet  horizontal  joints  in  an  hour;  but  such  figures  are  only  reached 
in  piece-work. 

The  way  of  building  a  lead  chamber  in  England  is  usually  as  fol- 
lows : — ^Thc  commencement  is  made  with  the  sides,  for  which  the 
sheets  are  made  as  wide  as  possible  (most  lead-rolling  mills  supply 
them  up  to  7  feet  9  inches,  some  even  wider),  and  so  long  that  they 
extend  4  inches  beyond  the  height  of  the  chamber,  of  course 
taking  into  account  that  one  side  of  the  chamber  is  a  foot  higher 
than  the  other.  G  inches  are  reckoned  to  turn  over  the  crown-tree ; 
but  2  inches  are  saved  at  the  bottom,  because  the  lead  afterwards 
expands  by  the  heat  of  the  chamber. 

Now,  on  the  wooden  floor  before  mentioned  a  wooden  table  (the 
'^  sheet-board '')  is  constructed,  held  together  at  the  back  by  battens, 
but  completely  smooth  on  the  upper  surface.  It  has  the  width  of  two 
or  three  sheets  of  lead  (that  is,  15  feet  6  inches,  or  23  feet  3  inches), 
and  the  height  of  the  chamber — which,  of  course,  can  only  be  done 
when  (as  is  generally  the  case)  the  chamber  is  at  least  as  wide  as  it  is 
high.  On  this  table  the  sheets  of  lead  arc  rolled  out  flat,  placed  side 
by  side,  so  that  one  overlaps  the  other  2  inches,  and  burned  together ; 
at  the  same  time  all  the  straps  (of  which  we  shall  speak  directly) 
are  burnt  to  the  lead,  which  can  be  done  because  the  upper  surface 
will  afterwards  be  the  outer  one.  The  upper  edge  is  bent  round 
the  sheet-board,  so  as  to  hold  it  fast ;  and  when  every  thing  is 
finished  this  end  is  wound  up  by  a  set  of  pulleys,  so  that  the  sheet- 
board  is  raised  along  with  the  sheets  of  lead,  and  lies  flat  against 
one  side  of  the  chamber-frame.  Now  the  upper  edge  of  the  lead  is 
at  once  bent  over  the  crown-tree  and  nailed  down,  as  well  as  all  the 
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straps.  For  this  no  cut  or  wire  nails  are  ever  used,  hut  wrought 
nails  with  broad  heads  (^^  plate-nails ''),  about  1^  inch  long,  whose 
heads  are  all  protected  against  the  acid  by  dipping  a  few  at  a 
time  into  melted  lead.  When  the  lead  has  been  completely  fastened 
to  the  frame,  the  sheet-board  is  lowered  down,  moved  forward  its 
own  width,  and  another  piece  of  the  chamber-side  made  upon  it, 
till  in  this  way  the  chamber-sides  and  ends  have  been  finished  all 
round.  Only  in  the  comers  it  is  preferable  to  use  single  sheets, 
which  form  a  rounded  corner ;  this  is  much  stronger  than  a  sharp 
edge.  The  object  of  the.  described  process  is  this,  to  reduce  the 
upright  burning  to  a  minimum.  It  is  much  better  than  the  former 
plan  of  hoisting  up  each  single  sheet,  turning  its  margin  over  the 
crown-tree,  and  unrolling  the  sheet  by  its  own  weight.  In  this 
case  every  single  sheet  had  to  be  joined  to  its  neighbour  by  upright 
burning,  and  the  straps  had  to  be  burnt  on  in  an  equally  incon- 
venient manner.  If  at  all  possible,  the  seams  ought  not  to  be  be- 
hind the  uprights,  so  as  to  be  better  accessible  for  repairs ;  and  for 
this  reason  also  it  is  to  be  recommended  to  make  the  chamber- 
frame  as  shown  in  fig.  107,  where  the  uprights  do  not  touch  the 
lead  at  all. 

The  straps  of  the  sides  must  be  arranged  according  to  the  style 
of  the  frame.  If  this  only  cousists  of  uprights  mortised  into  the 
crown-  and  sole-trees,  without  any  cross  rails,  the  straps  consist  of 
perpendicular  pieces  of  lead,  nailed  sideways  to  the  uprights  with 
five  leaded  nails  each.  The  strap  ought  to  be  long  enough  to  turn 
over  the  edge  of  the  upright,  so  that  two  of  the  nails  come  to  the 
front  (fig.  115,  upper  part).  Such  straps  are  placed  alternately  on 
one  and  on  the  other  side  of  the  upright,  one  about  every  4  feet. 
These  straps  do  not  allow  the  chamber-lead  to  follow  the  changes 
of  temperature  by  extension  or  contraction.  This  easily  leads  to 
deformation  of  the  sides  and  tearing  off  of  the  straps ;  and  it  is 
therefore  better  to  avoid  this  style,  which  can  be  done  by  only  nail- 
ing down  the  top  strap  in  this  way.  For  the  lower  straps  longer 
pieces  of  lead  are  burnt  to  each  side  of  the  upright,  which  meet  on 
its  front,  and  are  there  joined  by  rabbeting  (see  fig.  115,  lower  part, 
and  fig.  116) .  There  are  no  nails  used  here ;  so  that  the  lead  walls 
may  move  up  and  down  the  upright,  whilst  at  the  same  time  they  are 
all  the  more  stiffened  by  being  held  fast  in  two  places.  This,  of 
course,  takes  more  lead  and  labour  than  simple  straps.  In  each  case 
the  straps  are  about  8  inches  in  depth.     If  the  frame  is  provided 
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with  horizoDtal  cross  rails,  there  are  only  a  few  upright  straps  used — 

sometimes  Doiie,  only  horizontal  onca,  turned  p.    , ,„ 

downover  the  rail,  and  nailed  to  it  {fig.  117),   ,  '^ 

two  of  6  inches  length  for  each  rail.    This 

Btyle  of  straps  protects  the   chamber-sides 

much  better  against  deformatiou  than  the 

upright  straps,  and  carries  the  weight  better 

upon  the  frame;  it  also  permits  the  lead  to  be  kept  further  apart 

from  the  wood,  since  the  straps  may  leave  about  ^  inch  (not  more) 

space  between  the  lead  and  the  rails.     The  diagram  shows  this 

The  chamber-sides  can  also  (as  at  the  Thann  Works]  be  made  of 
horizontally  disposed  sheets  of  lead.  The  overlap  in  this  case  is 
nailed  to  the  horizontal  cross  rails  in  lieu  of  straps,  as  shown  in 
fig.  118;  but  first  the  whole  height  of  the  chamber-side  isfimshed, 
the  whole  is  rolled  upon  a  wooden  roller,  and  allowed  to  unwind 
itself  by  its  own  weight  from  the  top.  In  this  way  there  is  not  so 
much  pull  upon  the  seams  as  if  the  chamber  were  made  of  sheets 
hanging  down  by  their  length,  since  each  sheet  is  supported  just 
in  the  place  where  there  would  be  a  pull.    This  plan,  indeed,  seems 
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to  be  worthy  of  general  recommenda- 
tion ;  for  it  saves  the  lead  and  laboiir 
of  all  the  straps,  and  supports  the 
chamhcr  very  well. 

At  least  as  substantial  is  the  plan  used 
at  Aiissig.  There  are  no  side-straps  at 
all ;  but  to  each  upright  of  the  frame 
corresponds  a  strip  of  lead  burnt  to  the 
chamber-side  along  its  whole  height, 
probably  the  lap  turned  outside.  This 
is  nailed  sideways  to  the  upright.  Be- 
tween this  and  the  lead  there  is  awooden 
lath,  to  increase  the  contact  of  air  with 
the  ehamber-lead  as  much  as  possible. 
Fig.  119  shows  this  in  horizontal  sec- 
tion. 

In  the  first -described  case,  now  gene- 
rally used  in  England,  at  first  only 
about  a  yard  of  the  seams  ia  bunied, 
and  that  at  the  top,  so  that  the  cham- 
ber can  be  covered  in  and  the  remainder 
nan  be  done  at  leisure  in  bad  weather. 
The  next  thing,  therefore,  is  the  cham- 
ber-top.    For  this  we  need  a  temporary 
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scaffolding,  movable  on  wooden  rollers,  made  of  high  trestles  joined 
together  at  the  top,  equal  in  height  and  width  to  the  chamber,  and 


in  length  to  at  least  two  (or,  better,  three)  sheets  of  lead.  This 
scaffold  is  put  together  within  the  cliamber  itself,  its  separate  parts 
being  got  in  by  bending  back  one  of  tlie  side  sheets.  It  is  covered 
on  the  top  with  a  flooring  of  hoards ;  and  upon  this  the  sheets 
serving  for  the  chamlier-top  are  flattened  out.  These  are  a  little 
wider  than  the  chamber,  so  that  they  project  8  inches  on  each 
side.  Thus  tlicy  do  not  project  quite  as  far  as  the  overlap  of 
the  side-sheets  (Cinches),  and  there  remains  a  joint  suitable  for 
burning  (fig.  120,  n),  which   is  burned  very  strongly.     Now  the 

FiR.  im 


sheets  themselves  are  joined  by  burning,  and  all  the  top-straps  are 
burnt  on.  The  latter  serve  for  fixing  the  chamber-top  from  above 
to  the  top  joists  carrying  it.  The  latter,  for  a  chamber  20  to 
26  feet  wide,  are  3  to  4^  inches  thick  and  10  to  12  inches  high, 
and  are  placed  at  distances  of  14  to  18  inches  from  centre  to  centre. 
Their  length  is  at  least  sufficient  to  reach  to  the  ontside  of  the 
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crown-trees ;  it  is  better  if  ther  eren  project  a  little  bej-ond,  to  hare 
a  good  support.  The  straps  themselves  are  made  7  inches  square^ 
and  stand  alternately  on  both  sides  of  the  top  joists^  about  3  feet 
apart  on  each  side.  At  other  works  there  are  fewer  but  longer 
straps.  They  are  bent  up  and  nailed  to  the  top  joists  laid  above 
them  on  edge^  with  five  leaded  nails  each.  When  all  this  has  been 
dooe^  the  top  joists^  by  the  help  of  the  straps^  carry  the  lead  of 
the  chamber-top^  and  the  joists  themselves  rest  upon  the  side 
frames^  but  separated  from  them  by  the  overlap  of  the  chamber- 
sides. 

The  top  joists  are  protected  from  canting  over  by  a  few  boards 
nailed  across  them^  which  at  the  same  time  serve  as  a  passage  on 
the  chamber-top.  Where  the  chambers  are  roofed  in^  mostly 
longitudinal  sleepers  are  laid  on  the  top,  joined  to  the  top  joists 
by  iron  clamps^  and  the  whole  suspended  from  the  timber  of  the 
roof^  which  must  be  made  strong  enough  for  this  purpose ;  but  it 
would  appear  that  even  with  roofed-in  chambers  it  is  safer  to  keep 
the  chamber-top  independent  of  any  movement  of  the  roof. 

W^here  the  chamber  is  too  wide  for  any  single  cross  joists,  two 
lengths  of  these  must  be  joined  together  and  trussed,  according  to 
the  rules  of  carpentry ;  in  this  case  trussed  girders  may  run  across 
the  width  of  the  chamber^  and  the  proper  joists^  to  which  the  top 
lead  is  fastened  by  straps^  run  parallel  with  the  long  sides  of  the 
chambers ;  they  are  either  niorticed  into  the  girders,  or  (which  is 
the  stronger  plan)  they  rest  in  cast-iron  shoes  bolted  to  the  girders. 
This,  however,  is  only  required  for  chambers  standing  in  the  open 
air;  it  is  not  very  convenient,  as  the  side  frames  have  to  be 
weighted  very  much.  Such  wide  chambers,  as  we  shall  see  below, 
have  not  altogether  tiumed  out  well. 

Quite  different  from  the  just-described  chamber-tope  are  those 
found  in  some  continental  works.  There  are  no  wooden  top  joists, 
but,  in  the  place  of  these,  thin  iron  rods  about  ^  in.  thick,  fastened 
to  the  chamber-top  by  a  lead  covering  biimt  on  each  side  to  the 
chamber-lead.  These  horizontal  rods  themselves  are  suspended  from 
the  roofing  by  means  of  ^-inch  rods  placed  at  short  distances  from 
each  other.  This  system  cannot  be  employed  at  all  for  chambers 
standing  in  the  open  air. 

The  chamber-bottom  is  left  to  the  last ;  and  it  happens  no  doubt 
very  rarely  (in  England  probably  never)  that,  according  to  older 
prescriptions^  the  bottom  is  laid  down  first  and  protected  by  straw 
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and  boards  while  the  remainder  of  the  chamber  is  being  made. 
It  is,  on  the  contrary,  made  last  of  all,  but  not  always  in  the  same 
way.  In  some  works  the  side  sheets  are  burned  to  it  all  round, 
and  openings  are  left  in  a  few  places  for  drawing  off  the  acid,  for 
taking  samples,  &c.  In  the  great  majority  of  works  the  bottom 
is  independent  of  the  sides,  and  forms  an  enormous  tank  with 
tumed-up  sides,  into  which  the  chamber-sides  hang  down,  dipping 
into  the  bottom-acid,  and  thus  forming  a  hydraulic  joint.  This 
allows  the  chamber-sides  to  expand  and  contract  with  the  tempe- 
rature, and  also  makes  the  bottom-acid  accessible  from  all  sides, 
so  that  it  is  preferred  in  spite  of  the  larger  expenditure  of  lead. 
Often  the  upstand,  which  ought  not  to  be  less  than  14  inches  high, 
so  as  to  afford  a  good  deal  of  room  for  acid,  is  made  from  a  nar- 
row sheet  of  lead  of  double  width,  by  bending  up  one  half  and 
leaving  the  other  half  to  form  a  portion  of  the  chamber-bottom ; 
the  latter  is  then  finished  by  burning  it  together  with  other  sheets 
of  lead.  This  is  more  convenient  for  the  plumber  than  taking 
sheets  equal  in  length  to  the  width  of  the  chamber,  along  with 
the  height  of  the  upstand  on  each  side.  The  latter  must  not  be 
left  loose,  because  it  is  easily  bagged  out  by  the  side  pressure  of 
the  acid;  but  a  1-inch  board  is  placed  all  round  the  chamber- 
floor,  over  the  edge  of  which  the  upstand  is  turned  round  and 
nailed  down.     This  is  shown  in  fig.  121. 

In  some  works  the  bottom  is  divided  into  two,  three,  or  four 
parts  by  partitions  of  the  whole  height  of  the  upstand.  The  object 
of  this  is,  not  to  empty  the  whole  chamber  in  the  case  of  repairs ; 
but  it  is  very  rarely  done,  as  this  arrangement  prevents  a  free 
circulation  of  the  acid,  and  as  the  bottom  mostly  suffers  less 
than  any  other  part  of  the  chamber — excepting  through  gross 
neglect,  by  the  formation  of  nitric  acid,  which  ought  not  to  happen 
at  all. 

In  England,  where  the  winters  are  not  severe,  lead  chambers  are 
hardly  ever  roofed  in,  but  are  only  built  so  that  the  rain-water 
can  run  off  as  described  above.  But  even  then  the  space  between 
each  two  chambers  must  be  covered  by  a  light  roof,  and  the  whole 
set  must  be  surrounded  by  a  wooden  shed,  because  a  gale  might 
tear  the  lead  off  the  frames,  or  even  throw  down  a  chamber 
altogether.  These  wooden  houses  have  windows  or  Venetian 
blinds,  changed  according  to  the  wind.  In  windy  places  they  are 
always  made  first,  as  soon  as  the  foundations  and  the  frame  are 
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finished,  but  before  the  lead  has  been  fastened  to  the  latter,  be- 
cause during  the  building  the  incomplete  chamber  is  CTen  more 
exposed  to  being  thrown  Aowu  by  a  gale  than  after  completion. 

Thus  the  chamber-tops  are  exposed  in  England  to  the  heat  of 
the  sun  in  simimer  and  to  the  snow  in  winter;  this  is  possible 
because  neither  of  them  occora  to  an  excessive  degree.  In  the 
less  windy  places  even  the  chamber-sides  are  sometimes  left  without 
protection  against  the  weather,  but  never  so  in  well-arranged  works. 
In  the  south  of  France,  on  the  other  hand,  the  chamber-tops  are 
always  protected  against  the  sun  and  the  rain  by  a  roof;  but  the 
sides  are  always  exposed,  which,  on  account  of  the  heat  of  the 
sun  there,  is  certainly  very  wrong.     In  the  north  of  France,  in 
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Belgium,  and  in  Germany  the  chambers  are  always  completely 
enclosed  in  buildings,  usually  of  a  very  light  construction. 

We  must  now  say  something  of  the  renewal  of  the  chambers. 
In  a  set  of  chambers  the  greatest  wear  and  tear  is  experienced  by 
the  first  chamber;  and  this  is  consequently  sometimes  made  of 
stronger  lead,  say  7-lb.,  to  last  as  long  as  the  others,  made  of 
6-lb.  lead.  A  chamber  will  last  very  much  longer  if  the  frame  be 
made  substantial,  and  the  straps  be  well  burnt  on  and  nailed  down 
and  numerous  enough,  so  that  they  will  not  be  readily  torn  oflf. 
Should  this  happen,  the  mischief  must  be  repaired  at  once :  nowhere 
docs  the  saying  come  more  true  ^'that  a  stitch  in  time  saves  nine.'' 
If  the  repair  is  put  oflF  too  long,  the  chamber-lead,  pulled  by  its 
own  weight,  wrinkles  irregularly,  and  the  chamber  becomes  unfit 
for  work  much  too  soon.  Especially  those  parts  of  the  frame 
most  exposed  to  the  action  of  the  acid  must  be  carefully  looked 
after,  and,  in  case  of  need,  at  once  repaired,  before  the  parts  of 
the  lead  sides  dependent  upon  them  have  lost  their  support  and 
have  collapsed.  This  is  most  necessary  at  the  junctions  of  con- 
necting-pipes, at  the  places  where  the  acid  is  siphoned  off,  &c. 
The  wind  must  also  be  kept  off,  and  any  loose  pieces  in  the  brat- 
ticing  round  and  between  the  chambers  promptly  put  right;  a 
gale  of  wind  may  tear  off  the  straps  of  a  whole  chamber-side  at 
once,  or  force  the  frame  to  one  side.  The  gangway  round  the 
chambers  ought  to  be  wide  enough  (say  5  feet)  to  admit  of  easy 
control  and  repair. 

In  normal  circumstances  a  chamber  will  generaUy  last  from 
eight  to  ten  years,  but  with  many  repairs  during  the  latter  years. 
In  the  case  of  chambers  without  a  roof  over  them  the  top  gene- 
rally wears  out  first,  then  the  parts  dipping  into  the  bottom-acid 
and  the  ends;  the  bottom  remains  good  up  to  the  last,  unless 
nitric  acid  gets  to  it,  which  most  easily  happens  in  the  last  cham- 
ber, if  its  strength  is  allowed  to  run  down  too  much. 

When  a  chamber  requires  so  much  repairing  and  patching  that 
it  does  not  seem  likely  to  pay,  and  when,  after  all,  the  escape  of 
the  gas  from  the  too  numerous  chinks  and  rents  can  no  longer  be 
kept  down,  it  is  very  bad  economy  not  to  pull  it  down  at  once;  for 
the  yield  of  acid  must  fall  off  very  much.  In  this  case  a  temporary 
connexion  is  made  between  the  two  apparatus  on  either  side  of  it, 
the  acid  contained  in  the  chamber  is  worked  down  as  long  as  it 
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will  run,  a  hole  is  cut  into  its  side^  and  men  provided  with  india- 
mbber  boots  are  sent  in  to  shovel  np  the  mud  lying  at  the  bottom 
into  a  heap,  from  which  a  good  deal  of  acid  is  still  obtained  by 
draining.  The  mud  must  now  be  removed ;  if  the  space  under- 
neath is  free,  a  receptacle  is  formed  by  low  banks  of  clay,  a 
hole  is  cut  in  the  chamber-bottom,  and  the  mud  pushed  down. 
If  this  is  not  possible,  it  must  be  removed  in  a  much  more 
troublesome  maimer,  by  thickening  it  with  sawdust  and  washing 
with  water.  In  either  case  it  is  dried  in  a  reverberatory  furnace, 
sometimes  with  the  addition  of  a  little  lime  in  order  to  prevent  the 
escape  of  acid  vapours.  For  all  that,  this  operation  usually  causes 
a  very  disagreeable  stench,  probably  owing  to  arsenic,  selenium, 
&c.  The  dried  mud,  principally  consisting  of  lead  sulphate,  is 
either  smelted  for  lead  in  a  small  cupola  heated  by  coke,  or  simply 
sold  to  the  lead- workers. 

After  taking  out  the  lead-mud^  the  chamber-lead  is  detached 
from  the  frame,  and  the  good  whole  pieces  rolled  up  for  use  as 
sheet  lead ;  the  others  are  melted  in  an  iron  boiler,  the  dross  is 
scummed  off,  and  the  lead  cast  in  the  usual  pig-moulds ;  at  the 
lead-rolling  mills  this  lead  is  very  well  liked  for  other  chemical 
purposes  (see  p.  42).  Counting  up  the  pig-lead,  the  dross^  and 
the  lead  sulphate,  nine  tenths  or  upwards  of  the  original  weight  of 
the  chamber  is  recovered ;  the  remainder  has  gone  away  in  one 
shape  or  another  with  the  vitriol  made. 

If  the  frame  has  been  substantially  made,  it  stands  a  second, 
sometimes  a  third  lead  chamber,  with  a  few  repairs,  putting  in  odd 
beams  &c.  Of  course,  in  case  of  any  doubt,  it  would  be  extremely 
bad  economy  to  run  the  risk  of  having  to  stop  a  chamber  because 
its  frame  would  not  hold  out  as  long  as  the  lead. 

The  size  of  the  chambers  varies  very  much.  Apart  from  the 
''tambours'^  of  the  French  system^  the  proper  chambers  are 
made  with  as  little  as  10,000  and  as  much  as  140,000  cubic  feet 
capacity.  Such  small  chambers  are  no  longer  built  as  main 
chambers;  the  usual  capacity  of  these  may  now  be  taken  as 
ranging  from  25,000  to  70,000  cubic  feet,  more  frequently  nearer 
the  upper  than  the  lower  limit.  Smaller  chambers  cost  much 
more,  comparatively,  than  large  ones,  and  do  not  afford  any  corre- 
sponding advantages. 

About  the  shape  of  the  chambers  there  is  not  much  diversity  of 
opinion  now.     In  some  places  they  were  made  almost  of  a  cubical 
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shape  to  save  lead ;  and  there  are  such  of  60  feet  width  and  almost 
as  high.  But  this  both  causes  some  difficulties  in  constructing 
the  wood  frame,  and,  what  is  worse,  the  gases  are  mixed  too  in- 
completely in  such  a  large  space,  and,  as  a  matter  of  fact,  the 
yield  of  acid  is  too  small.  Cubical  chambers  are  laid  out  new 
hardly  anywhere  now. 

On  the  other  hand,  many  acid-makers  formerly  started  with  the 
idea  that  the  production  of  vitriol  in  a  chamber  is  a  process  of  cof^ 
densation,  and  that  it  could  be  promoted  by  enlarging  the  surface, 
as  in  other  similar  processes.  This  was  a  totally  wrong  idea.  In  a 
real  condensing-process  the  vapour  of  a  substance  must  be  con- 
densed to  a  liquid  by  contact  with  cooling  surfaces ;  but  in  the 
chamber  process  the  vitriol  cannot  from  the  first  exist  in  the  form 
of  vapour,  the  temperature  being  much  too  low  for  that ;  it  must 
at  once  be  formed  as  a  liquid,  and  fall  to  the  bottom  in  the  shape 
of  rain ;  and  this  will  be  the  case  all  over  the  chamber,  in  the  centre 
no  less  than  close  to  the  sides  :  this  has  been  confirmed  by  direct 
observation. 

Formerly,  before  this  was  well  understood  by  all  acid-makers, 
they  strove  to  enlarge  the  surfaces,  and  they  sometimes  reared 
costly  and  complicated  structures,  such  as  glass  partitions,  inside 
the  chambers,  which  mostly  collapsed  very  soon  without  its  being 
known  (see  below) . 

An  arrangement  of  Ward's  (Richardson  and  Watts,  vol.  v. 
p.  213)  consists  in  a  kind  of  mixing-chamber,  for  the  combustion 
of  7  tons  pyrites  in  twenty-four  hours,  64  feet  long,  16  feet  high, 
and  20  feet  wide,  followed  by  a  second  lead  chamber,  or  flue,  200 
feet  long  by  3  feet  high  and  3  feet  wide,  almost  filled  up  with 
sheets  of  glass  to  a  length  of  25  feet.  The  sheets  lie  in  a  hori- 
zontal position,  and  are  kept  a  little  apart  by  strips  of  glass,  to 
permit  the  passage  of  the  gases.  Ward  believed  that  upon  these 
sheets  (in  lieu  of  which  tubes  might  be  used)  nitrous  vitriol  would 
condense  and  afford  a  large  surface  to  sulphurous  acid.  His  plan 
does  not  appear  to  have  been  very  successful. 

A  similar  principle  underlies  the  proposal  made  by  Gossage  and 
many  others,  and  frequently  carried  out  in  practice,  of  filling  the 
chambers  partially  or  entirely  with  coke,  or  of  erecting  special 
coke-towers  at  the  end  of  the  set,  in  order  to  cause  a  better 
mixture  and  mutual  reaction  of  the  gases.  Of  course,  this  was 
meant  to  save  chamber  space;   otherwise  the  coke  would  have 
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no  object^  and  could  only  cause  the  acid  to  become  impure.  But 
apparently  this  object  has  not  been  attained  ;  no  chamber  space  is 
saved ;  and  at  some  works,  where  the  chambers  had  been  filled  with 
coke,  it  has  been  removed  again.  Certainly,  before  the  general  in- 
troduction of  the  Gay-Lussac  tower,  many  works  had  a  lead  tower 
built  between  the  last  chamber  and  the  chimney,  or  in  lieu  of  the 
latter;  these  towers  were  3  feef  or  more  in  width,  and  from  10  to 
30  feet  high ;  they  were  filled  with  coke  and  moistened  by  a  small 
jet  of  water  or  of  steam.  The  idea,  however,  was  mostly  only 
that  of  retaining  any  sulphuric  acid  carried  away  mechanically. 

The  same  erroneous  principle  of  surface  condensation  is  at  the 
bottom  of  Hemptinne's  chamber-system,  which  will  be  described 
afterwards  in  connexion  with  his  system  of  concentrating.  Also 
the  apparatus  of  Verstraet  (Bull.  Soc.  d'encourag.  1865,  p.  531), 
which  was  worked  in  Paris  for  some  time,  but  had  to  be  given  up  as 
impracticable.  It  consisted  of  a  number  of  stoneware  jars  without 
a  bottom,  covered  430  square  feet  of  ground,  cost  only  £280,  and 
was  to  supply  daily  a  ton  of  vitriol  of  106°  Tw.  There  were  twelve 
perpendicular  stacks  of  five  jars  each,  filled  with  coke  and  traversed 
by  the  burner-gas ;  nitric  acid  ran  down  over  one  of  them,  meet- 
ing the  sulphurous-acid  gas ;  and  the  resulting  acid  was  in  regular 
rotation  run  over  the  other  stacks. 

The  apparatus  of  Lardani  and  Susini  (Bull.  Soc.  Chim.  viii. 
p.  295)  is  founded  on  the  same  principle.  Its  peculiarity  is  a 
'^  reaction-apparatus,'^  whose  lower  part  is  filled  with  sulphuric 
acid,  on  the  top  of  which  a  thick  layer  of  nitric  acid  is  floating ; 
the  upper  part,  divided  from  the  lower  by  a  perforated  partition, 
is  filled  with  pumice ;  the  nitre-gas  is  regenerated  to  nitric  acid 
by  an  excess  of  air  and  water  in  a  system  of  pipes  filled  with 
pumice  or  coke. 

Certainly  the  gases  within  the  chamber  must  have  an  oppor- 
tunity of  thoroughly  mixing ;  and  the  usual  shape  of  the  chambers 
answers  for  this.  They  are  usually  made  of  a  moderate  height  and 
width,  say  16  to  21  feet  high  and  19  to  26  feet  wide,  but  very 
long — 100,  200,  or  even  330  feet  long.  Hasenclever  has  cham- 
bers 33  feet  wide  and  high  and  130  feet  long.  The  gas  entering 
at  one  end  and  leaving  at  the  other  must  travel  along  the  whole 
length  of  the  chamber,  and  thus  get  thoroughly  mixed ;  the  reac- 
tions are  to  take  place  so  completely  that  at  the  end  no  more  SO^ 
is  left.     Usually,  at  any  rate  in  larger  works,  the  whole  space  is 
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divided  into  several  chambers ;  but  this  is  not  necessarily  the  case, 
and  good  results  are  also  obtained  with  a  single  chamber,  if  it  be 
made  sufficiently  long. 

An  author  already  quoted  several  times,  H.  A.  Smith,  in  a  pam- 
phlet on  the  chemistry  of  sulphuric  acid-manufacture  (a  German 
translation  of  which,  with  many  valuable  additions,  was  pub- 
lished by  Bode  in  1874),  has  tried  to  prove  that  thus  far  the 
process  going  on  inside  the  acid-chambers  has  been  misinterpreted, 
that  sulphuric  acid  is  essentially  formed  only  at  a  height  of  3  to 
6  or  at  most  8  feet,  and  that  the  whole  space  above  this  only  serves 
as  a  reservoir  for  the  gas,  in  which  no  reactions  take  place.  Smith 
has  inferred  this  partly  from  observations  of  temperatures,  starting 
from  an  assumption  contrary  to  the  ordinary  opinion,  and  not  at 
all  proved  by  himself,  viz.  that  the  most  favourable  temperature 
for  the  formation  of  sulphuric  acid  is  200°  F.  (=94°  C).  He 
made  only  two  experiments,  and  those  of  the  roughest  kind,  on  the 
influence  of  temperature  on  the  formation  of  sulphuric  acid, 
judging  exclusively  from  the  occurrence  and  the  vanishing  of  the' 
red  vapours,  which  docs  not  prevent  him  from  positively  stating  the 
above  conclusion.  Now  he  made  a  number  of  experiments  with 
thermometers  fixed  at  the  following  heights  over  the  chamber- 
bottom,  viz. : — first,  24  feet;  second,  15  feet ;  third,  8  feet;  fourth, 
3  feet.  The  first  and  second  were  found  pretty  constantly  =  130°  P. 
(=54°-4C.) — that  is,  the  temperature  most  favourable  to  the  forma- 
tion of  sulphuric  acid,  according  to  all  other  opinions ;  and  yet,  on 
the  strength  of  the  above-mentioned  two  rough  experiments,  un- 
supported by  any  other  evidence,  he  concludes  that  this  portion 
of  the  lead  chambers  does  not  serve  as  a  "  condensing-space,^^  but 
merely  as  a  reservoir  for  the  gases.  At  the  third  height  (8  feet) 
he  finds  such  unequal  and  anomalous  temperatures  that  it  is  in- 
conceivable why  even  this  height  is  considered  a  '^  condensing- 
space  '/'  and  only  at  a  height  of  3  feet  above  the  bottom  does  the 
temperature,  in  one  half  of  the  chamber,  approach  his  normal  tem- 
perature of  93°-3  C,  but  suddenly  falls  again  ultimately  to  48°-9  C. 
Still  this  does  not  disturb  Smith  in  holding  to  his  idea  (entirely 
evolved  out  of  his  inner  consciousness)  that  93°*3  C.  is  the  normal 
temperature  for  the  process  of  sulphuric-acid-making,  and  that 
this  temperature  only  occurs  at  a  low  elevation  above  the  chamber- 
bottom.  That  Schwarzcnberg's  observations  of  temperatures  (to 
be  quoted  below)  directly  contradict  his  own,  probably  remained 
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unknown  to  him,  although  Schwarzenberg's  work  appeared  four 
years  before  Smithes  pamphlet.  The  author's  own  information 
likewise  proves  that  the  temperatures  near  the  top  of  the  chambers 
are  higher  than  those  near  the  bottom,  in  direct  opposition  to 
Smith's  assertions. 

Another  kind  of  argumentation  attempted  by  Smith  is  still 
more  faulty,  viz.  that  founded  on  the  quantity  of  vitriol  formed  at 
different  heights  of  the  chamber.  He  has  fallen  into  a  curious 
error,  first  publicly  pointed  out  by  Hasenclever  in  Hofmann's 
'Bericht,'  i.  p.  179,  but  previously  noticed  by  many  readers  of 
Smith's  pamphlet.  Smith  placed  two  collecting-dishes  for  acid, 
one  4  feet,  the  other  16  feet  above  the  chamber-bottom.  After 
nine  days  he  found  that  the  acid  in  the  upper  dish  had  only  in- 
creased by  1^  inch,  whilst  in  the  lower  dish  a  copious  and  regular 
formation  of  sulphuric  acid  had  taken  place.  But  here  he  over- 
looks that  the  acid  formed  in  the  chamber  falls  to  the  bottom, 
and  that  consequently  a  dish  placed  near  the  bottom  receives  not 
merely  the  vitriol  formed  immediately  above  it,  but  all  that  formed 
in  the  whole  of  the  chamber-space  perpendicularly  over  it ;  thus  it 
must  always  show  all  the  more  acid  the  lower  it  is  placed.  But 
even  according  to  Smith  himself,  at  18  feet  above  the  bottom  there 
was  still  a  copious  formation  of  sulphuric  acid. 

The  strongest  refutation  of  Smith's  theory  is  afforded  by  his 
own  estimations  of  sulphurous  acid  in  the  gas.  Here  the  source 
of  error  just  mentioned  could  not  occur ;  and,  in  fact,  we  find  that 
at  40  feet  from  the  entrance  of  the  gases  the  mixture  is  almost 
perfect,  and  that  the  percentages  of  the  chamber-gas  at  3  feet 
and  15  feet  above  the  chamber-bottom  are  almost  exactly  alike, 
whilst,  according  to  Smith's  theory,  near  the  bottom  much  less 
SO9  ought  to  be  found  than  near  the  top.  The  differences  between 
the  two  curves  on  p.  39  (we  always  quote  the  pages  of  the  German 
edition)  are  very  slight.  A  similar  proportion  occurs  in  the  case 
of  nitre-gas ;  but  of  this  there  is  nearly  always  even  more  found  at 
8  feet  than  at  15  feet  above  the  bottom.  None  of  these  glaring 
facts  disturb  Smith's  confidence  in  his  preconceived  ideas ;  he  asserts 
that  the  chambers  must  be  divided  into  a  working-space  and  a  reser- 
voir for  the  gas,  and  that  the  latter  may  be  left  out  as  useless.  As 
the  most  suitable  form  of  a  chamber  he  states  a  length  of  150  feet, 
a  width  of  25-30  feet,  and  a  height  of  10-12  feet,  although  the  logical 
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conclusion  from  his  own,  certainly  most  arbitrary,  premises  would 
be  that  the  chambers  ought  not  to  be  above  4  feet  high.  This, 
however,  he  has  not  ventured  to  propose.  Smith's  assertions  have 
been  directly  refuted  by  Hascnclever  (/.  c.  p.  178),  who  fixed  lead 
dishes  in  several  places  of  the  chamber,  covering  them  over  at  a 
distance  of  a  foot,  and  who  thus  found  that  about  the  same  quan- 
tity of  sulphuric  acid  was  formed  all  over  the  chamber.  Hascn- 
clever concludes  from  this  that  within  certain  limits  that  chamber 
is  the  best  which,  for  a  given  cubic  space,  requires  the  smallest 
surface  of  lead,  and  he  goes  up  to  33  feet  width  and  height  in  his 
chambers.  This,  however,  seems  too  much,  and  is  contradicted 
by  many  years'  experience  at  the  Oker  Works  (Brauning,  Preuss. 
Zeitschr.  1877,  p.  136),  where  16§  feet  width  and  height  have 
been  found  to  be  the  most  suitable  size  for  utilizing  the  chamber- 
space. 

According  to  Bode  (Dingl.  Joum.  ccxvii.  p.  312),  Smith's 
statements  have  been  refuted  in  even  a  more  direct  way.  At  the 
Oker  Works  a  set  of  chambers  was  erected  according  to  his  pro- 
posals ;  but  it  was  found  that  it  produced  vitriol  not  in  the  ratio 
of  its  area,  as  had  been  assumed,  but  in  that  of  its  cubical  con^ 
tents,  so  that  the  erection  of  these  low  chambers  meant  a  waste 
of  lead,  carpentry,  ground-space,  and  roofing.  Bode  considers 
that  the  "surface  theory ^^  has  accordingly  been  completely 
exploded. 

Thus  far  we  have  spoken  as  if  only  one  chamber  were  working  j 
and,  in  fact,  frequently  this  is  the  case.  Scheurer-Kestner 
(Wurtz,  Diet.  iii.  p.  147)  mentions  a  single  chamber  of  142,000 
cubic  feet  capacity,  and  quotes  the  experience  of  several  works, 
according  to  which  it  is  quite  unnecessary  to  divide  the  set  into 
several  chambers.  Much  more  usually,  however,  several  cham- 
bers are  combined  to  form  a  set,  which  afibrds  this  advantage 
— that  for  repairs  it  is  not  necessary  to  stop  the  whole  set. 
The  single  chambers  are  connected  by  round  pipes  or  angular 
flues  (tunnels) .  The  former  are  preferable,  because  they  can  be 
made  without  a  fi^me,  and  because  they  stand  better.  They 
must,  however,  be  made  of  strong  lead,  say  9  to  12  lb.  per  square 
foot,  and  bound  here  and  there  with  iron  hoops,  between  which 
and  the  lead  wooden  staves  are  placed  in  order  to  keep  the  pipes 
in  shape ;  but  if  the  weight  of  the  lead  amounts  to  15  lb.  per 
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square   foot^   no   staves   are  needed.      Fig.   122  will  make  this 
clearer. 

Fig.  122. 


The  iron  hoops  serve  also  for  suspending  the  pipes  from  beams 
&c.  The  width  of  the  pipe  introducing  the  gas  into  the  first 
chamber^  whether  it  comes  from  the  Glover  tower  or  from  the 
burners,  must  be  adapted  to  the  quantity  of  gas  conveyed.  For  a 
combustion  of  7  tons  pyrites  daily  a  pipe  of  2  feet  diameter,  for 
9  tons  one  of  2^  feet,  upwards  of  that  one  of  3  feet  diameter  will 
do;  more  than  10  tons  are  rarely  consumed  for  a  single  set  in 
twenty-four  hours.  Since  the  volume  of  the  gas  decreases  in  its 
onward  journey,  the  connecting-pipes  between  the  single  chambers 
may  be  successively  a  little  smaller ;  but  it  is  not  well  to  grudge 
any  thing  here,  since  no  harm  is  done  if  the  pipes  are  too  large, 
but  very  much  if  they  are  too  small. 

A  great  diversity  of  opinions  exists  upon  the  point  how  the  single 
chambers  are  to  be  combined  to  form  sets.  Among  the  hundreds 
of  vitriol-works  very  few  will  be  exactly  alike  in  this  respect ;  and 
frequently  even  in  the  same  works  diflferent  combinations  are 
found.  We  may,  however,  consider  it  as  established  that  it  is 
almost  indiflFerent  in  which  way  the  chambers  are  combined,  if  they 
are,  in  the  first  instance,  properly  built  (that  is,  not  too  high  or 
wide),  and  if,  secondly,  they  possess  a  certain  cubical  capacity  for 
the  quantity  of  sulphur  or  pyrites  to  be  consumed.  Within  these 
limits  those  combinations  are  best  which  require  least  lead,  and 
which  are  laid  out  so  as  to  afford  the  greatest  facility  for  super- 
vision. Of  course  there  is  also  an  ultimate  limit  to  the  capacity  of 
the  whole  set ;  but  opinions  differ  upon  this  point  also.  At  some 
works  a  set  consists  of  nine  or  eleven  chambers  of  35,000  cubic 
feet  each ;  at  others,  equally  large,  it  is  limited  to  three  chambers 
of  42,500  cubic  feet  each,  &c.  Thus  at  Hebbum-on-Tyne  there 
are  several  sets  of  three  chambers  each,  each  of  them  20  feet  wide, 
125  feet  long,  17  feet  high  on  one  side,  18  feet  on  the  other  side ; 
each  set  serves  for  18  burners,  burning  7  cwt.  daily.     At  Gates- 
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Fig.  123. 


head  there  are  several  sets  of  three  large  chambers^  each  so 
arranged  that  two  of  them  communicate  separately  with  a  set  of 
kilns  ('^working-chambers^^),  and  both  of  them  are  connected 
with  the  third  chamber;  the  whole  set  has  a  capacity  of  about 
200,000  cubic  feet.  More  usually  the  gas  passes  through  all  three 
chambers  in  succession.  Very  often  four  chambers  are  combined, 
each  of  them  about  20  x  20  x  130  feet, — or  five  chambers,  two  of 

1 Q 

them  working-chambers,  thus,    q j^5, — or  even  six  chambers, 

thus,  ^^5—6. 

On  the  whole  it  is  not  advisa- 
ble to  combine  too  many  cham- 
bers and  to  make  the  sets  too 
large,  certainly  not  above  200,000 
cubic  feet ;  otherwise  aU  the  con- 
nexions &c.  must  be  too  large, 
the  first  chamber  becomes  too 
hot,  and  any  disturbances  of  the 
process  are  felt  over  too  large  an 
area.  On  the  other  hand,  a  set 
of  less  than,  say,  130,000  cubic 
feet  takes  as  much  labour  and 
auxiliary  apparatus  as  a  larger 
one,  and  will  thus  be  more  ex- 
pensive. In  a  larger  set  any 
disturbances  in  the  nitre,  steam, 
draught,  &c.  are  found  out  before 
the  gas  has  got  to  the  outlet,  and 
thus  can  be  more  easily  put 
right. 

At  Uetikon,  near  Zurich,  there 
is  a  peculiar  kind  of  chambers. 
Each  set  only  consists  o£  one 
large  chamber,  330  feet  long; 
within  this,  however,  there  are 
two  partitions,  dividing  it  really 
into  three  chambers.  The  parti- 
tions are  made  as  shown  in  fig. 
123.     A    row   of   perpendicular 
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iron  gas-tubes  of  l-inch  bore,  covered  with  lead,  a,  is  placed 
across  the  chamber,  carried  through  its  top,  b,  and  hung  from  one 
of  the  joists  c.  At  vertical  distances  of  2  feet  there  are  lead 
hooks,  d  d,  attached  to  the  tubes,  on  the  other  side  other  hooks, 
d'  d' y  a  little  lower.  On  these  sheets  of  glass  2  feet  x  2  feet  6  in. 
are  placed  loosely,  leaving  chinks  of  about  1  inch  width  for  the  pas- 
sage of  the  gases,  in  order  to  mix  them  better.  These  partitions  do 
not  seem  to  offer  any  guarantee  of  durability ;  and  it  is  a  fact  that 
at  other  works,  formerly  possessing  similar  glass  partitions,  they 
have  been  removed  again ;  sometimes  they  are  said  to  have  sud- 
denly collapsed  and  cut  through  the  chamber-bottom. 

The  simplest  kind  of  internal  partition,  a  lead  one,  is  not  prac- 
ticable, because  the  lead,  exposed  to  the  heat  and  the  gas  on  both 
sides,  is  very  quickly  worn  away. 

The  different  chambers  of  a  set  are  either  placed  on  the  same 
level,  or,  more  suitably,  each  following  chamber  is  placed  1  or  2  or, 
better,  3  inches  higher  than  the  preceding  one,  so  that  the  acid  of 
the  back  chambers  can  be  run  more  easily  into  the  working- 
chamber.  In  this  first  chamber  the  acid  is  both  strongest  and 
most  free  from  nitre ;  and  it  is  therefore  preferable  to  draw  off  any 
acid  from  this,  whether  it  be  for  sale,  for  use,  or  for  concentration. 
The  acid  drawn  off  is  replaced  partly  by  that  newly  formed  in  the 
same  chamber,  partly  by  the  weaker  acid  run  over  from  the  other 
chamber.  If  there  is  only  one  long  chamber,  the  acid  is  always 
found  strongest  near  the  entrance  of  the  gas. 

In  England,  mostly,  all  the  chambers  of  a  set  are  of  equal  size, 
apart  from  local  circumstances;  and  this  plan  is  now  more  frequently 
found  on  the  Continent  as  well  than  formerly,  when  the  French 
system,  even  now  the  more  usual  one,  was  the  only  one  to  be  met 
with.  In  this  system  there  is  a  'Harge  chamber,^'  C,  fig.  124, 
placed  at  the  lowest  level,  combined  with  a  few  small  chambers 
at  a  higher  level,  both  before  and  behind  the  large  one.  Thus 
the  first  small  chamber  or  ^^  tambour y*  A,  serves  for  denitrating 
the  nitrous  vitriol  by  hot  water ;  the  second  one,  B,  for  introducing 
fresh  nitric  acid;  the  third  and  fourth  tambours^  E  and  F,  for 
finishing  the  reaction. 

In  the  south  of  France  (Favre,  '  Monit.  Scient.'  1876,  p.  272) 
there  is  mostly  a  large  chamber  of  135x26x20  feet,  or  of 
100  X  16  X  22  feet,  combined  with  two  small  chambers,  together 
about  140,000  cubic  feet.     At  Aussig   each  large   chamber   is 
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200  feet  long  and  24  feet  wide^  and  is  combined  with  a  small  tam- 
bour for  catching  the  fine  dust,  and  two  small  end  chambers,  not 
receiving  any  steam,  but  only  serving  for  cooling  the  gas  previously 

Fig.  124. 


to  its  entering  the  Gay-Lussac  tower.  The  system  considered  the 
best  at  Oker  (Brauning,  p.  136)  is  the  following : — two  tambours 
of  127  and  106  cub.  metres,  one  main  chamber  of  1459  cub.  metres, 
one  back  chamber  (not  fed  with  steam)  of  162  cub,  metres ;  total 
1854  cub.  metres.  All  the  chambers  are  17  feet  wide  and  high ;  the 
main-chamber  bottom  is  divided  by  partitions  of  3  feet  3  inches 
height  into  5  compartments.  The  connecting  pipes  are  18  inches 
wide ;  they  introduce  the  gas  at  §  of  the  height,  and  take  it  away 
at  ^  of  the  height. 

Some  manufacturers  reject  all  preliminary  chambers,  because 
the  chamber  process  is  carried  on  best  if  a  large  space  is  afforded 
at  once  for  the  mutual  reaction  of  the  gases.  Thus  in  a  large 
French  works  two  thirds  of  the  whole  chamber-space  are  occupied 

u2 


292  SULPHURIC  ACID. 

by  the  first  chamber^  two  ninths  by  the  second^  and  one  ninth  by 
the  third. 

On  the  whole^  small  chambers  seem  objectionable^  because  they 
require  more  lead  and  space  than  large  ones  of  equal  capacity.  A 
preliminary  chamber,  however,  is  serviceable,  where  no  Glover 
tower  is  present,  for  catching  the  dust  and  cooling  the  gas,  so  as 
to  save  the  large  chamber.  For  the  same  reason  the  nitric  acid 
is  usually  introduced  into  a  special  tambour;  but  it  is  best,  as 
we  shall  see,  to  run  it  down  the  Glover  tower. 

The  waste  of  lead  in  small  chambers  is  more  easily  seen  in  a 
definite  example.  A  chamber  of  100  x  20  x  20  feet  has  a  cubical 
capacity  of  40,000  cubic  feet  and  a  surface  of  8800  square  feet.  A 
tambour  of  16  x  10  x  10  feet  has  a  capacity  of  1600  cubic  feet  and 
a  surface  of  840  square  feet.  Its  contents  arc  therefore  -^^,  but 
its  surface  almost  ^  of  that  of  the  large  chamber;  and  conse- 
quently its  surface  is  nearly  2^  times  as  large,  in  comparison  with 
its  capacity,  as  that  of  the  large  chamber. 

On  the  other  hand  the  saving  of  lead  may  be  carried  too  far :  if 
chambers  are  too  high  and  wide,  the  gas  is  not  properly  mixed ; 
and  if  they  are  excessively  long,  they  cannot  be  supplied  by  a 
single  jet  of  steam.  The  most  suitable  proportion  is  about  4*7 
to  5  cubic  feet  per  square  foot  of  lead. 

The  question  now  is,  in  which  way  the  single  chambers  are  to 
be  combined — ^in  particular,  Where  must  the  connecting  tubes 
enter  ?  In  any  case,  at  the  small  ends,  so  that  the  gas  shall  travel 
right  through  the  length  of  the  chambers.  But  some  prefer  to 
introduce  the  gas  near  the  bottom,  and  take  it  away  near  the  top, 
others  the  reverse  way ;  the  latter  is  more  usual.  If  H.  A.  Smith's 
theory  were  correct,  the  gas  ought  both  to  enter  and  to  pass  out 
close  to  the  top,  as  there  must  always  be  a  draught  towards  the 
bottom ;  but  Schwarzenberg  found,  in  a  special  case,  that  the  yield 
of  vitriol  with  the  just-described  arrangement  was  only  150  per  cent, 
on  the  sulphur,  whilst  after  altering  the  path  of  the  gas,  so  that  it 
entered  near  the  top  and  passed  out  near  the  bottom,  it  at  once  rose 
to  285.  Schwarzenberg  points  out  that  the  temperature  of  the 
gas  permits  us  to  infer  the  time  which  has  elapsed  since  it  left 
the  burners,  and  consequently  its  path  through  the  chambers. 
[The  heat  generated  by  the  reactions  themselves  must  modify  this 
to  a  certain  extent.]  In  the  first  chamber  he  found  immediately 
below  the  top,  where  the  gas  from  the  sulphur-burner  entered^ 
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53°  C. ;  at  the  opposite  end,  where  it  left  for  the  second  chamber, 
49°  C.  6  feet  6  inches  above  the  bottom  the  temperature  was 
47°  C.  all  over  the  chamber,  and  5  feet  3  inches  above  the  bottom, 
all  over,  45^°  C.  From  this  he  inferred  that  the  gas  first  spreads 
all  over  the  chamber  near  the  top,  and  then  sinks  down  in  uniform 
horizontal  strata  right  across  the  section  of  the  chamber,  fresh  gas 
taking  its  place.  He  then  divided  the  chamber,  as  shown  in 
fig.  125,  into  two  compartments  by  a  perpendicular  partition  a  b 

Fig.  125. 


reaching  down  to  18  inches  above  the  bottom ;  and  now  he  found 
the  following  temperatures  : — ^near  the  top  of  the  first  chamber, 
above  the  inlet  for  the  gas,  at  c,  60°  C. ;  at  6,  18  inches  above  the 
bottom,  close  to  the  partition,  52^°;  at  the  same  height  in  the  second 
compartment,  at  rf,  only  50°,  but  near  the  top,  close  to  the  partition, 
at  c,  still  51^°;  at  the  opposite  end,  at/,  only  48° ;  in  the  horizontal 
stratum  shown  by  the  dotted  line  g  h,^  feet  3  inches  above  the 
bottom,  at  all  points  distant  more  than  5  feet  from  the  partition, 
46^°  was  found.  From  this  follows  that  the  gas  travels  from  c  to  6, 
and  into  the  second  compartment,  in  which  it  rises  at  once  close  to 
the  partition ;  it  again  spreads  along  the  top  and  gradually  sinks 
down ;  so  that  near  the  partition  two  currents,  an  upward  and  a 
downward  one,  must  pass  each  other,  of  course  not  divided  by  any 
sharp  line,  but  mixed  to  a  certain  extent  near  their  limit,  so  that 
at  dy  only  18  inches  from  the  partition,  the  medium  temperature  of 
50°  was  found.  Schwarzenberg  from  all  this  draws  the  conclusion 
that  the  gas  ought  to  be  introduced  into  the  chamber  near  its  top 
and  taken  away  near  the  bottom;  if  it  is  introduced  near  the 
bottom,  there  is  a  loss  of  draught  both  by  the  loss  in  height  and 
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by  the  mutual  checking  of  the  two  currents  of  gas  generated  within 
the  chamber.  This  must  influence  the  process^  but  need  not  neces- 
sarily disturb  it.  If,  however,  the  gas  be  not  taken  away  near  the 
bottom,  but  near  the  top,  a  considerable  loss  is  the  consequence ; 
for  the  gas  is  drawn  away  too  quickly,  the  space  underneath 
becoming  stagnant  and  only  acting  gradually  as  gas  slowly  enters 
it  by  the  law  of  diffusion.  This  was  strongly  illustrated  by  the 
above-mentioned  raising  of  the  yield  from  150  to  285  when  the 
pipe,  formerly  connecting  both  chambers  just  below  the  top,  was  so 
altered  as  to  take  away  the  gas  from  just  above  the  bottom  of  the 
first  chamber  and  introduce  it  near  the  top  of  the  second  chamber. 

It  has  been  found,  in  the  practical  experience  of  many  large 
works,  that  it  is  not  necessary  to  arrange  the  connecting  pipes 
diagonally,  as  prescribed  by  Schwarzenberg ;  they  are  often  found 
about  midway,  but  best  about  the  height  of  a  man's  head,  leading 
straight  from  one  chamber  to  the  next.  This  does  not  at  all  con- 
tradict the  argumentation  of  Schwarzenberg. 

The  total  cubical  contents  of  a  set  of  chambers  must  bear  a  certain 
proportion  to  the  quantity  of  acid  to  be  produced^  several  special 
circumstances  modifying  that  proportion.  Thus  it  is  certain  that 
for  pyrites  more  chamber-space  is  needed  than  for  sulphur;  we 
have  seen  above  (p.  256)  that  the  relative  proportion  may  be  stated 
as  1 :  1*314.  But  now  the  question  is.  What  is  the  absolute  amount 
of  space  needed  ?  Properly  speaking,  the  connecting  pipes,  if  they 
are  of  great  length,  and  the  Glover  and  6ay-Lussac  tower  ought 
also  to  be  included  in  the  calculation,  possibly  to  a  larger  extent 
than  corresponds  to  their  cubical  contents. 

The  consumption  of  nitre  also  influences  the  chamber-space ; 
within  certain  Umits  a  larger  consumption  of  nitre  may  compensate 
for  a  smaller  space. 

Partly  from  this  the  widely  divergent  views  on  this  point  may  be 
explained,  but  not  entirely ;  for  on  the  Ty^e  some  manufacturers 
obtain  about  the  same  yield  as  their  neighbours  possessing  half 
as  much  chamber-space  again,  although  the  pyrites,  the  general 
construction  of  the  plant,  and  their  consumption  of  nitre  are  as 
nearly  as  possible  the  same.  In  the  following  we  shall  reduce  all 
statements  to  cubic  feet  of  chamber-space  required  for  burning 
1  lb.  of  sulphur  daily,  taking,  in  the  case  of  pyrites,  the  sulphur 
))ought,  not  that  actually  burnt. 
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Schwarzenberg  states  the  proportion  for  a  small  set  of  chambers 
and  for  brimstone,  without  a  Gay-Lussac  tower,  to  be  32  cubic  feet 
for  1  lb.  brimstone,  with  a  consumption  of  6  per  cent,  nitre ;  as  the 
lower  limit  he  states  29  cubic  feet — even  less  in  larger  works,  of 
which  he  gives  some  actual  figures,  viz.  228,  24*6,  24,  down  to 
even  16  cubic  feet ;  but  in  the  latter  case  much  more  nitre  was  used, 
or  acid  was  lost.  Knapp  (Chem.  Technologic,  i.  part  2,  p.  837) 
states  1 7*2  to  23  cubic  feet.  Foumet,  at  Bordeaux  (^  Bapport  du 
Jury  international,'  1867,  vii.  p.  18),  states  that  in  chambers  of 
400  cubic  metres  capacity  he  daily  burned  500  kilograms  of  brim- 
stone (=12*8  cubic  feet  per  lb.)  with  the  assistance  of  several  pipes 
filled  with  coke,  and  that  his  yield  was  300  o.  v.  on  100  brim- 
stone (?). 

^01  pyrites  Schwarzenberg  states  that  the  theoretical  proportion 
for  small  chambers =42  cubic  feet,  for  large  ones =36*8,  on  each  lb. 
of  sulphur  actually  burnt,  or,  say,  34*4  per  lb.  of  sulphur  bought. 
Bode  states  as  the  figure  found  in  several  German  works  29*6 
cubic  feet  per  lb.  of  sulphur  bought,  with  a  consumption  of  4*75  per 
cent,  of  nitre  (which  is  now  much  smaller) .  From  sundry  English 
alkiili- works  the  author  can  state  the  following  proportions : — 

I.         II.        ni.        IV.        V. 
28        25        20        18         16  cubic  feet. 

I.  and  II.  are  considered  too  high  by  the  chemists  of  the  respective 
woiks  themselves ;  but  it  should  be  stated  that  the  same  space  was 
employed  in  1864,  when  30-per-cent.  Irish  pyrites  was  used,  for 
which  it  was  more  suitable.  III.  (viz.  20  lb.)  is  a  proportion  em- 
ployed at  many  large  works ;  but  IV.  and  V.  are  found  in  works 
having  as  good  a  yield  of  acid  (270  to  288  o.  v.)  and  no  larger 
consumption  of  nitre  (3^  to  4  per  cent.) .  In  all  cases  rich  Spanish 
or  Norwegian  ore  was  burnt,  and  both  Gay-Lussac  and  Glover 
towers  were  used.  From  this  it  follows  that  under  the  same  con- 
ditions 20  cubic  feet  per  lb.  of  sulphur  charged  is  amply  sufficient, 
and  18,  or  even  16,  will  do;  but  the  latter  certainly  is  the  lowest 
allowable  limit.  This  agrees  with  a  statement  of  Wright's  (Chem. 
News,  xvi.  p.  91),  who  demands  16  to  19*2  cubic  feet. 

The  usual  proportions  in  the  south  of  France  are  stated  by  Favrc 
(Monit.  Scicnt.  1876,  p.  271)  as  follows.  Each  square  metre  of 
grate-surface  in  the  pyrites-burners  daily  receives  270  kilograms  of 
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40-per-cent.  pyrites,  and  corresponds  to  180  cubic  metres  of  cham- 
ber-space. This  means  1*66  cubic  metre  for  each  kilogram  of 
sulphur  charged,  or  26*5  cubic  feet  per  lb. 

In  the  north  of  France  the  author  has  generally  found  aiout  8 
cubic  feet  per  lb.  of  pyrites,  or  about  17  cubic  feet  per  lb.  of  sulphur 
charged,  with  good  yields  and  low  consumption  of  nitre,  bat  only 
for  low  or  medium  temperatures  ;  in  summer  J  to  ^  more  chamber- 
space  is  required. 

It  should  not  be  overlooked  that  the  best  proportion  of  chamber- 
space  to  the  sulphur  burnt  cannot  be  fixed  absolutely,  but  that 
several  conditions  have  to  be  taken  into  account.  First  of  tU,  it  is 
not  indifferent  whether  rich  or  poor  pyrites  is  used.  The  latter 
requires  proportionally  more  air  and  furnishes  poorer  gas.  and 
thus  needs  more  chamber-space.  At  Okcr  each  cubic  me;re  of 
chamber-space  yields  2*85  kilograms  chamber-acid  of  106°  Tw.  in 
the  case  of  rich  ores,  but  only  2*0  kilograms  with  poor  ores.  The 
first  corresponds  to  35*5,  the  latter  to  48  cubic  feet  of  chamber- 
space  for  each  lb.  of  sulphur  actually  recovered  in  the  vitriol. 
Furthermore  it  is  very  important  with  what  temperature  the  gas 
enters  the  chambers.  The  better  it  is  cooled,  the  less  volume  it 
occupies  for  equal  weight,  and  the  less  chamber-space  is  used. 
For  this  reason  a  Glover  tower,  which  cools  the  gas  very  com- 
pletely, causes  a  saving  in  chamber-space.  It  has  also  bsen 
noticed  at  many  works  (compare  above)  that  in  winter  for  the  sime 
chamber-space  either  a  good  deal  more  pyrites  can  be  burnt  or 
less  nitre  is  consumed  than  in  summer. 

The  chamber-space  might  be  extremely  restricted  if  in  lieu  of 
air  pure  oxygen  were  used  in  the  process.  This  was  patented  in 
1871  by  Terrell,  Hogg,  and  Tomlinson,  and  again  proposed  by 
Bode  (Ding.  Joum.  ccxvi.  p.  453),  who  justly  calls  it  a  considera- 
tion of  the/tt/wre,  which  in  the  present  does  not  concern  us. 

Each  set  of  chambers  must  contain  a  number  of  auxiliary  app^^ 
ratus,  which  in  part  are  absolutely  necessary  for  the  process,  in  part 
serve  to  check  it  chemically  and  technically :  the  former  are  essen- 
tially those  for  introducing  the  nitre,  the  steam,  and  the  air ;  the 
latter,  smaller,  apparatus  shall  be  described  first. 

Drawing-off  the  acid  is  never  done  by  cocks  attached  to  the 
chambers,  which  might  be  made  of  hard  lead  (4  to  5  Pb  to  1  Sb), 
but  that  they  would  readily  get  stopped  up  with  sulphate  of  lead, 
and  could  not  very  easQy  be  repaired  when  leaking.     It  is  best 
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to  put  beside  a  chamber  a  round  or  square  lead  box,  open  at  the 
top,  of  the  same  height  aa  the  upstand  of  the  chamber-bottom,  and 
connected  at  or  near  the  bottom  by  a  wide  pipe  with  the  chamber; 
or  a  suitable  picee  may  be  burnt  on  to  the  chamber,  as  shown  in 
fig.  126,  and  the  connexion  made  hy  a  slit.      The  box  may  be 

Fig.  126. 


Fig.  127. 


provided  with  a  stopcock ;  but  more  usually,  as  shown  in  the  figure, 

it  carries  in  its  bottom  a  valve-scat  a  of  rcgulus  metal,  into  which 

fits  a  conical  plug  b  of  the  same  metal  provided  with  an  iron  handle 

covered  with  lead.     Tlie  running-off  pipe  d 

is  either  burnt  to  the  valve-seat  or  joined  to 

it  by  an  open  funnel ;  the  tatter  permits  the 

running-off  to  be  more  easily  observed,  hut 

is  apt  to  occasion  running  over,  by  getting 

stopped  up.     Or,  as  shown  in  fig.  127,  a 

lead  siphon  may  be  employed,  to  wliich  at 

the  bottom  two  eups,  a  a,  arc  joined,  which 

always  keep  it  filled,  so  that  it  begins  to  act 

as  soon  as  one  of  its  limbs  has  been  put  into  the  acid.     The  second 

limb  then  enters  into  a  large  funnel  of  the  running-off  pipe  &. 
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The  arraiigement  shown  in  fig.  128  is  a  very  good  one.     The 

Fig.  12a 


siphon  fi  is  firmly  attached  to  the  box  c,  or  within  the  upstand  of 
the  cli8in1)er,  A  cylinder  d,  surrounding  the  outer  limb  of  the 
siphon,  is  bo  suspended  that  it  can  be  drawn  up  or  down  by  naeans 
of  the  chain  e  and  the  pulley/,  and  fixed  in  any  position  by  the 
hooky.  The  cylinder  rf  forms  a  continuation  oftlie  outer  limb  of  fi; 
when  it  is  quite  drawn  up,  so  that  its  overflow  A  is  at  a  higher  level 
than  the  acid  in  c, it  will  cease  to  run;  but  when  h  gets  below  this 
level,  the  siphon  will  at  once  begin  to  act,  and  the  more  quickly  the 
more  d  is  lowered.  Thus  the  acid  can  be  run  off  with  more  or  less 
speed  and  with  the  utmost  clcaDlincss. 

Fig.  129  represents  a  siphon  suitable  for  hot  acids  in  any  part 
of  the  works.  To  the  top  of  the  siphon  a  a  there  is  joined  by  a  bent 
tube  a  closed  lead  vessel  b,  which  by  an  elastic  tube  is  connected 
with  the  open  vessel  c.  The  latter  is  filled  with  acid  and  lifted 
into  the  dotted  position,  whereupon  rf  and  then  the  siphon  a  are 
filled;  c  is  then  lowered,  whereupon  the  siphon  begins  to  act, 
some  acid  running  back  from  &  to  c  and  thus  producing  a  partial 
vacuum. 

Another  contrivance  for  filling  and  putting  in  siphons,  wbicli  b 
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especially  adapted  for  acid-carboys,  is  shonvn  in  fig.  130.     An  ordi- 
nary glass  or  lead  siphon  is  inverted  and  fiUed  with  water  or  acid ; 


Fig.  129. 


Fig.  130. 
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it  is  then  closed  by  the  long,  very  pointedly 

conical,  flexible   india-rubber  plugs,  a  a, 

which  are  fixed  on  bent  wires.     The  man 

holds  these  wires  fast  against  the  limbs  of 

the  siphon,  whilst  he  lowers  one  limb  into 

the  vessel  to   be   emptied,  and  then,  by 

pushing  down  both  wires,  loosens  the  india-rubber  plugs,  whereupon 

the  siphon  begins  to  run.     Thus  one  man  may  manipulate  the 

siphon  without  any  assistance. 

Acid-dishes  (drips)  are  placed  inside  the  chambers,  in  order  to 
examine  the  process  by  ascertaining  the  quantity,  strength,  and 
nitrosity  of  the  condensing  acid.  They  are  made  in  very  different 
ways — for  instance,  that  shown  in  fig.  131.  A  is  a  lead  vessel, 
burnt  against  the  chamber-side  about  3  feet  above  the  bottom. 
The  acid  caught  here  runs  by  the  tube  a  through  the  chamber-* 
side  into  the  lead  cylinder  B,  containing  a  hydrometer.  B  is  pro- 
vided near  its  bottom  with  a  side-branch,  i,  reaching  above  its  top, 
and  ending  in  a  funnel  for  receiving  the  acid,  which  thus  constantly 
runs  in  at  the  bottom  and  out  of  the  top  of  B  into  a  vessel  C,  from 
which  it  is  carried  back  by  a  small  pipe  into  the  chamber. 


BCLPHDRIC  ACID. 
Fig.  131. 


Many  manufacturers  hare  S-ahapcd  drip-tubes  in  tlie  connexions 
between  the  chambers,  for  a  siniilar  purpose.  Many  others  do  not 
truBt  to  the  collectors  burnt  to  the  chamber-sides,  but  place  dishes 
at  some  distance  from  the  side  within  the  chamber.  These  rest  on 
feet  made  of  lead  tubes,  or  upon  a  stand  of  stoneware,  so  as  to  be 
elevated  above  the  level  of  the  acid  ;  and  they  have  an  outlet  leading 
outside  the  chamber.  In  some  works,  for  instance  at  Aussig,  both 
kinds  of  drips  are  fixed  side  by  side  ;  and  it  is  noticed  that  those 
fixed  to  the  sides  always  yield  acid  of  6°  to  10°  Twaddle  leas  than 
the  inner  drips,  evidently  because  on  the  aides  more  aqueous  vapour 
ia  condensed  along  with  the  sulphuric  acid.  This  certainly  is 
"condensation"  in  the  proper  sense — not  condensation  of  acid, 
but  of  water,  or  just  the  contrary  of  the  thing  intended  by  several 
"  inventors." 

For  taking  samples  of  the  bottom-acid  itself  there  ia  usually  a 
recess  made  in  some  part  of  the  chamber  by  dressing  back  the  lower 
part  of  the  side.  Some,  in  order  to  he  quite  sure,  always  take  the 
sample  out  of  the  chamber  itself  through  a  special  small  man-hole 
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luted  with  moist  clay  j  in  this  case  there  is  a  small  loss  of  gas,  but 

no  danger  of  getting  stagnant  acid.     Such  a  man-hole  is  shown  in 

fig,  132»  in  section.     The  large  man-holes 

may  be  made  in  exactly  the  same  way ;  or       '^'        '       '^' 

else  their  lida  may  fit  into  a  groove  luted 

with  damp  clay,  as  shown  in  fig.  132''.  Large 

chambers  are  fitted  with  several  acid-drips, 

man -holes.  Sec. 

For  taking  the  samples  themselves  a  dipper 
of  lead  or  glass  is  employed,  which  is  lowered 
slowly,  so  as  to  get  all  layers  of  the  acid  into 
it.  There  is  often  a  great  difference  between 
the  top-  and  bottom-acid. 

In  German  works  there  arc  regularly  thermometer*  fixed  about 
every  30  to  50  feet  of  the  length  of  a  chamber,  whose  mercury- 
vessel  is  inside,  and  whose  scale  ia  outside  the  chamber.  This 
means  of  observing  the  temperature  is  undoubtedly  infinitely 
better  than  the  rough  one  commonly  used  in  England,  by  touch  of 
band. 

Sometimes  also  clay  plugs  are  put  into  holes  made  in  the  chamber- 
sides,  in  order  to  indicate  the  pressure  inside  the  chamber;  this  is 
better  done  by  simple  glass  pressure-gauges.  The  tension  of  the 
gas  ia  also  seen  by  lifting  the  lids  of  the  small  mau-bolea  (fig.  133) 
which  are  always  made  on  the  top 
of  the  chambers, with hydrauliclutes, 
and  which  generally  consist  of  glass 
jars,  so  as  to  give  light  for  observation 
through  the  aide-windows  (see  below). 

A  very  sensitive  pressure-gauge  has 
been   described   by  Vogt    (Journ.  f 
prakt.Chem.jiv.p.2a4).  The  pressure 
is  observed  by  the  movement  of  a  small  _ 
air-bubbleplayingin  ahonzontal  glass 

tube  of  4  or  5  millimetres  diameter.  The  glass  tube,  apart  from 
this  bubble,  is  filled  with  water  or  another  liquid,  and  is  connected 
on  each  side  with  a  bottle  tubulated  near  the  bottom.  One  of  these 
bottles  is  15  to  16  centims.,  the  other  6  to  8  centims.  wide;  the 
liquid  stands  at  the  same  level  in  both.  The  pressure  within  the 
lead  chamber  is  made  to  act  upon  the  surface  of  the  liquid  in  one  of 
the  bottles,  and  its  amount  measured  by  the  place  of  the  air-bubble. 
The  apparatus  is  all  the  more  sensitive  the  greater  the  difference 


Fig.  133. 


Fig.  134. 
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between  the  diameter  of  the  tube  and  those  of  the  bottles.  There 
is  a  contriTaQce  for  admitting  a  bubble  of  air  prcriouslj  to  using 
the  apparatusj  and  for  again  equalizing  the  levels  after  use. 

VoT  gauging  the  height  of  the  ocirf  there  arc  either  stationary  lead 
gauges  (which,  however,  are  difficult  to  read-off  exactly),  or  ac- 
eurately  divided  copper  rods,  which  arc  dipped  in  every  time,  but 
always  in  the  same  place,  since  the  chambers  are  never  absolutely 
level,  or  glass  floats  like  that  shown  in  fig.  131,  a,  the  stem  of 
which  slides  in  a  small  lead  frame,  b, 
whose  upper  edge  serves  as  an  index 
for  reading-off.  The  float  will  sink 
more  or  less  in  the  acid,  according 
to  any  alterations  in  its  specific 
gravity.  To  make  this  cause  of  inac- 
curacy less  sensible,  the  ball  of  the 
float  is  made  pretty  large.  The  floats 
are  the  most  convenient  for  reading-off. 

A  very  important  assistance  in  judg> 
ing  of  the  chamber-process  isaflbrded  by 
glaaa  windows  or  sights,  which  permit 
the  colour  inside  the  chambers  to  be 
observed.  Whoever  has  once  got  used 
to  them  will  never  do  without  them 
again.  These  windows  are  8  or  9  inches 
square,  and  are  placed,  at  a  convenient 
height  for  looking,  in  those  places  in  the 
chamber-side  which  lie  in  a  line  with  the 
glass  man-hole  lids  in  the  chamber-tops;  thus  they  are  sufficiently 
lighted.  Where  the  chambers  are  roofed  in,  light  must  be  procured 
in  some  other  way  (for  instance,  by  two  opposite  windows  corre- 
sponding with  a  window  in  the  chamber-shed,  &c.) ,  The  chamber- 
glasaes  are  put  into  small  lead  rebates,  and  luted  with  white  lead 
and  boiled  oil.  Sometimes  the  assertion  is  made  that  the  colour  of 
the  gaseous  mixture,  looked  at  across  the  width  of  the  chamber,  or 
in  the  diagonal  line  from  the  side  to  the  man-hole  lid  in  the  top,  is 
too  deep,  and  that  "  sights "  in  the  connecting-tubes  are  pre- 
ferable ;  but  just  the  opposite  is  the  case,  since  the  observations 
are  evidently  far  more  accurate,  and  any  alterations  of  colour 
much  more  easily  perceived,  in  the  former  than  in  the  latter  case. 
Only  in  the  first  part  is  the  gaseous  mizture,  through  copious 
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condensation  of  acid,  too  opaque  for  observing  its  colour ;  but 
just  there  it  is  quite  unnecessary,  for  only  in  the  back  parts  of 
the  set  is  it  important  to  have  always  an  excess  of  red  vapours. 

Apparatus  for  introducing  Nitric  Acid  into  the  Chambers. 

These  are  divided  into  two  classes,  according  to  whether  nitric 
acid  enters  the  chambers  in  a  gaseous  form,  mixed  with  the  burner- 
gas,  whose  heat  evolves  it  from  a  mixture  of  sodium  nitrate  and 
sulphuric  acid,  or  whether  it  is  made  in  a  liquid  form  in  special 
apparatus,  and  introduced  as  such  into  the  chambers.  Opinions 
still  differ  on  the  point,  which  of  the  two  plans  is  best.  The  plan 
of  introducing  gaseous  acid,  which  formerly  was  quite  general,  and 
is  still  so  in  England,  but  only  partially  used  on  the  Continent,  has 
the  advantage  of  greater  simplicity  and  of  saving  labour  and 
fuel.  The  advantage  sometimes  claimed  for  it  of  smaller  loss  than 
by  making  in  the  first  instance  liquid  nitric  acid,  is  not  very  great ; 
for  some  nitric  acid  is  easily  condensed  during  the  conveyance  of 
the  gas  to  the  chambers,  and  may  corrode  brickwork,  iron,  &c., 
whilst  liquid  nitric  acid  is  always  introduced  exactly  in  the  place 
where  it  is  needed.  The  presence  of  nitric  acid  in  the  burner-gas 
will  also  induce  a  premature  formation  of  sulphuric  acid  in  the  same, 
especially  if  it  be  much  cooled ;  but  the  Glover  tower  obviates 
any  inconvenience  arising  from  this.  On  the  other  hand,  some  are 
afraid  that  the  nitre-ovens  may  get  so  hot  that  a  portion  of  the 
nitric  acid  will  be  decomposed  down  to  NO  or  even  to  N ;  but 
mostly  the  men  employ  so  much  sulphuric  acid  for  decomposing  the 
nitre,  that  this  cannot  easily  happen,  nor  are  NO  and  N  formed 
so  very  readily  as  was  formerly  apprehended  (see  below) . 

The  advantages  of  introducing  nitric  acid  in  the  liquid  form  are 
the  following  : — avoiding  the  entrance  of  false  air  into  the  chambers 
and  the  escape  of  bumcr-gas  into  the  atmosphere,  both  of  which 
occur  in  many  (not  all)  systems  of  employment  of  gaseous  acid ; 
the  possibility  of  employing  as  much  nitric  acid  and  as  quickly 
as  desired,  whilst  in  the  other  case  this  depends  on  the  heat 
of  the  burner-gas,  which  during  a  bad  process,  just  when  most 
nitric  acid  is  needed,  proves  insufficient ;  lastly,  and  most  of  all, 
the  exact  regulation  possible  with  liquid  nitric  acid,  and  its  con- 
tinuous supply,  whilst  gaseous  acid  is  always  given  off  from  the 
nitre-mixture  very  unequally.  These  advantages  have  induced 
many  continental  manufacturers  to  adopt  liquid  nitric  acid.    But  it 
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is  not  true  that  a  saTing  of  nitre  can  be  effected  in  this  way; 
Muspratt  {'  Dictionary  of  Chemistry/  ii.  p.  1029;  reports  that,  on 
the  contrary,  a  continental  manufacturer,  who  preriously  worked 
with  liquid  nitric  acid,  after  having  seen  the  use  of  solid  nitre  in 
England^  had  sared  one  third  of  his  nitre  by  introducing  the 
English  plan.  This  simply  proves  that  that  manufacturer  had  not 
been  very  careful  before,  and  is  no  rule  of  action  whatever.  The 
opposite  transition  has  been  much  more  frequent.  Liquid  nitric 
acid,  however,  will  do  harm  if  the  apparatus  for  introducing  it 
is  not  constructed  in  such  a  way  as  to  completely  volatilize  it  or 
convert  it  into  gaseous  products  before  it  reaches  the  chamber- 
bottom,  since  it  will  act  upon  this.  Accordingly,  sulphurous  and 
aqueous  vapour,  which  decompose  the  nitric  acid,  must  be  brought 
into  as  complete  contact  with  it  as  possible. 

In  very  large  works  the  employment  of  solid  nitre  has  this  ad- 
vantage, that  the  chambers  are  not  exposed  to  the  damage  possible 
with  incautious  handling  of  nitric  acid,  whilst,  on  the  other  hand, 
the  irregular  evolution  of  gas  from  the  nitre-mixture  is  equalized 
by  employing  several  decomposing  apparatus,  and  charging  them 
1^  turns,  say,  once  every  hour,  just  after  a  fresh  pyrites-burner  has 
been  charged ;  thus  the  stronger  evolution  of  nitre-gas  runs  parallel 
with  that  of  sulphurous  acid.  Still  better  is  a  contrivance  for 
supplying  gradually,  and  not  all  at  once,  the  sulphuric  acid  serving 
for  decomposing  the  nitre.  In  fact  the  best  English  works,  all 
of  which  employ  solid  nitre,  work  with  as  small  a  consumption  of 
it  and  as  good  a  yield  of  vitriol  as  the  best  of  the  continental  works 
employing  liquid  nitric  acid ;  and  on  the  Continent  as  well,  many 
manufacturers  work  quite  as  well  with  solid  nitre  as  their  neigh- 
bours with  nitric  acid. 

After  very  careful  investigations,  the  author  would  sum  up  his 
own  opinion  as  follows  : — With  careful  work,  and  when  dividing 
the  nitre  among  several  apparatus  charged  in  turn,  there  is  no 
more  consumption  of  nitre  when  it  is  employed  in  the  solid  state. 
Liquid  nitric  acid  has  the  advantage  of  easy  regulation  and  of 
avoiding  any  loss  of  gas ;  but  the  latter  is  equally  attained  by  ffood 
apparatus  for  solid  nitre.  The  advantages  of  nitric  acid  are  more 
than  outweighed  by  the  undeniable  extra  cost  and  trouble  of  making 
it,  and  by  the  danger  to  the  men  in  handling  the  carboys.  The 
author  in  no  case  would  think  of  employing  nitric  acid,  except 
when  this  acid  is  made  at  the  works  for  sale;   but  there  are 
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even  works  where  this  is  done  and  yet  the  acid-chambera  are  worked 
with  solid  nitre.  Unfortunately,  attempts  to  feed  with  solution  of 
nitrate,  which  would  combine  every  advantage,  have  not  been  very 
successful,  as  we  shall  see  below. 

We  shall  now  describe  both  ways  of  introducing  nitric  acid,  and 
begin  with  the 

Introduction  of  Solid  Nitre. 
The  apparatus  serving  for  this  has  been  partially  described  in  a 
former  chapter,  along  with  the  sulphur- and  pyrites-burners.  The 
drawbacks  have  been  pointed  out  which  attend  placing  the  nitre- 
pots  within  the  burners,  or,  generally,  in  such  a.  way  that  the  acid 
sulphate  boiling  over  can  run  into  the  humers.  Accordingly,  re- 
cently there  baa  always  been  a  special  nitre-oven  constructed  by 
enlarging  a  suitable  place  in  the  gas-fiuc.  It  is  situated  either  above 
or,  preferably,  just  behind  the  burners,  and  provided  with  the 
necessary  working-doors  and  a  cust-iron  saucer  for  collecting  what 
boils  over.  The  nitre-pots  themselves  have  various  shapes — for 
instance,  that  shown  in  fig.  135 ;  at  a  a  ledges  are  cast  on  the  bottom. 

Fig.  136. 


which  facilitate  pushing  the  pots  backwards  and  forwards.     They 
hold  from  8  to  12  lb.  of  nitre. 

The  "potting"  with  these  pots,  which,  strange  to  say,  are  met 
with  in  some  works  otherwise  abreast  of  the  rimes,  is  very  trouble- 
some and  imperfect.  During  the  emptying  and  refilling  of  the 
pots  tbe  doors  of  the  nitre-oven  are  wide  open,  which  does  even 
more  harm  than  in  the  case  of  the  burners.  The  heavy  pots,  along 
with  their  melted  contents,  have  to  be  taken  up  with  long  fork- 
shaped  tools  and  emptied,  which  requires  great  strength  and  skill. 
The  pots,  freshly  charged  with  nitre,  are  placed  just  within  the 
door  of  the  oven ;  the  necessary  acid  is  poured  in  from  a  jug  by 
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superficial  cstimatioD,  and  the  pot  pasbed  into  ite  place;  not  till 
tbcD  can  the  door  be  clowd.  If  the  draught  is  ^ood,  a  great  deal 
of  air  must  enter,  meetiog  not  even  the  same  resistance  aa  in  tlie 
bnrners ;  if  it  is  not  yerr  strong,  which  will  more  usnallr  be  the 
case,  BO  mach  gas  escapes  that  it  can  be  smelled  for  some  distance. 
Special  dampers  would  partly  obriate  thw,  but  arc  rarely  met  with. 
(Such  dampen  are  mentioned  in  the  official  Belgian  Report  of 
1855,  p.  23.)  The  pots  are  quickly  worn  out,  and  must  be  replaced, 
especially  if  chamber-acid  is  employed  in  them.  They  last  mach 
longer  if  acid  of  140^  Tw.  is  used  in  ihem. 

A  much  more  perfect  plan  is  that  of  decomposing  the  nitre  in  a 
fired  apparatMM,  and  running  off  the  acid  sulphate  (nitre-cake)  in 
a  liquid  form.  This  consists  o5  a  semicylinder  of  cast  iron,  a 
(figs.  136  ft  137),  with  a  cast-on  tube  b,  bored  somewhat  cooically. 

%.  13& 


The  latter  projects  out  of  the  mtre-oveu,  and  during  the  working  is 
closed  by  a  ground-in  iron  plug  with  a  long  handle.  Outside  there 
is  a  cast-iron  saucer  for  holding  the  nitre-cake,  which  at  once  soli- 
dific*.    The  internal  saucer,  c,  catches  the  boilings-over.   The  nitre 
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18  introduced  by  tfae  hopper,  d,  which  is  provided  with  a  damper; 
and  after  putting  in  the  damper  again,  it  is  made  gas-tight  by  filling 


Scale  A- 


up  with  the  next  charge  of  nitre.  An  S-shaped  tube  (not  shown 
in  the  diagram)  serves  for  running  in  the  vitriol,  for  which  it  is 
best  to  provide  a  small  tank  with  a  siphon  or  stopcock.  The  vitriol 
ought  to  be  run  out  of  this  tank  by  a  pipe  with  a  very  fine  point 
into  the  S-sbaped  pipe,  so  that  the  running  shall  take  a  long  time, 
and  the  nitre  be  only  gradually  decomposed.  Sometimes  au  iron 
acraper  with  a  long  handle  (passing  through  one  of  the  ends  of 
the  oven)  serves  for  stirring  up  the  mixture  in  the  pan.  The 
hole  for  this  must  be  kept  air-tight  with  clay.  An  apparatus  of  the 
size  drawn  here  holds  56  lb.  of  nitre,  which  can  he  easily  decom- 
posed in  two  hours.  In  any  case  there  should  be  two  or  more  of 
these  apparatus,  so  as  to  make  the  current  of  nitre-gas  more  regular 
by  charging  them  in  turns. 

z2 
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Even  preferable  to  the  arrangement  here  drawn  is  that  of  placing 
the  nitre-trough  on  iron  rails,  so  that  the  burner-gas  can  play 
round  the  bottom  as  well.  The  saucer  for  the  boiling-over 
stuff,  which  forms  the  bottom  of  the  nitre-oven,  must  then  be 
placed  somewhat  lower. 

Introduction  of  Liquid  Nitric  Acid. 

The  nitric  acid  is  employed  of  such  strength  as  is  obtained 
without  difficulty  from  the  above-described  retorts.  Acid  of  38°  B. 
(=72°  Tw.)  just  contains  50  per  cent,  of  NHOg;  and  100  parts  of 
it  correspond  to  67'46  of  pure,  or  71*01  parts  of  95-per-cent. 
nitrate  of  soda. 

It  is  of  the  greatest  importance  for  the  process  to  supply  the 
acid  in  an  even,  continuous  way,  and  to  regulate  the  supply  to  a 
nicety.  This  can  be  done  most  simply  by  a  Mariotte^s  vessel,  as 
shown  in  fig.  138  on  a  scale  of  1  :  10.  The  stoneware  vessel.  A, 
containing  the  nitric  acid,  is  closed  by  a  caoutchouc  cork,  a,  holding 
a  glass  tube,  b.  The  latter  is  the  only  channel  for  the  air  which 
must  take  the  place  of  any  acid  running  out  through  the  cock,  c. 
As  the  liquid  above  the  level  h  A',  down  to  which  the  tube  b  reaches, 
is  supported  by  atmospheric  pressure,  only  the  height  of  acid  below 
this  can  influence  the  speed  of  outflow ;  and  this  remains  constant 
till  the  level  of  the  acid  has  sunk  below  this  point.  The  glass 
water-gauge,  rf,  and  the  lead  scale,  e,  admit  of  observing  the  height 
of  liquid  within  the  vessel.  The  latter  is  filled  up  through  the  tube 
b,  which  ends  in  a  funnel  at  the  top.  During  this  either  the  cork 
must  be  raised,  or  it  must  be  provided  with  a  separate  open  glass  tube 
which  at  other  times  is  kept  closed.  The  funnel  /  carries  the  acid 
into  the  glass  or  stoneware  pipes  conveying  it  into  the  chambers. 

At  some  works  there  are  two  tanks,  E  E,  fig.  139,  which  are  filled 
up  in  turns,  one  of  them  every  12  hours,  or  both  of  them  every  24 
hours.  The  acid  is  running  continually  out  of  both.  When  one 
of  them  is  half  empty,  the  other  one  is  just  full;  and  thus  the 
variation  of  pressure  is  compensated  to  a  certain  extent ;  but  this 
plan  cannot  at  all  vie  in  regularity  with  a  Mariotte^s  bottle. 

The  nitric  acid  must  be  spread  over  a  large  surface  within  the 
chamber,  so  as  to  expose  it  sufficiently  to  the  action  of  sulphurous 
acid.  This  is  done  by  ^'  cascades ''  of  stoneware,  such  as  are  shown 
in  fig.  139  on  a  scale  of  1  :  60.  At  A  the  vertical  section  through 
the  centre  of  a  set  is  seen ;  B  shows  the  lower  part  in  section^  the 
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upper  part  in  elevation ;  C  gives  an  outside  elevation  of  the  whole. 
Each  set  consists  of  four  stoneware  cylinders  placed  one  within 
another.  The  lowest,  b,  is  2  feet  7^  inches  wide,  and  stands  in 
the  lead  dish  a  on  brimstone  powder/  to  make  it  steady.  Each  of 
the  upper  vessels  is  8  inches  narrower  than  the  next  lower  one,  so 
that  the  whole  forms  a  cascade  for  the  nitric  acid  supplied  at  the 
top.  The  lowest  vessel,  b,  is  dish-shaped.  Each  of  the  upper  ones  is 
divided  into  two  compartments  by  a  bottom  about  1  inch  below 
the  upper  edge ;  thus  the  nitric  acid  must  always  run  over  these 
edges  to  get  into  the  vessels  below. 

The  lower  compartments  all  have  round  holes,  g^  through  which 
the  gases  as  well  as  the  nitric  acid  can  get  inside  as  well^  and  thus 
act  on  a  larger  surface. 

The  nitric  acid  is  supplied  through  the  stoneware  pipes  /,  pass- 
ing through  the  side  of  the  chamber,  from  the  jars  D.  These  are 
fed  through  i  from  the  tanks  EE  or  from  a  Mariotte's  bottle ;  they 
communicate  by  wide  siphons,  h,  and  are  thus  always  at  the  same 
level.  Each  jar  supplies  one  of  the  cascades,  the  cock  k  regulating 
the  feed ;  these  cocks  are  fixed  at  such  a  height  that  the  siphons 
can  never  run  dry.  This  is  much  better  than  the  method  figured 
in  Payen's  ^  Precis,^  in  which  only  one  of  the  cascades  is  fed 
directly,  and  the  other  cascades  only  by  branch  tubes  from  the 
first,  since  this  can  never  be  done  in  such  a  way  that  ail  the  cas- 
cades receive  the  same  quantity  of  nitric  acid  :  one  of  them  (the 
first)  will  get  most  of  it ;  and  a  portion  of  it  will  probably  arrive  at 
the  bottom  undecom posed  and  damage  the  lead. 

Sometimes  the  acid  is  spread  by  an  oscillating  trough  made  of 
stoneware,  as  shown  in  fi^.  110. 
The  tube  a  and  cock  b  convey  the  ^*8^-  ^^* 

acid  from  a  reservoir  into  the 
compartment  c,  at  present  the 
top  one.  When  this  is  full,  the 
trough  turns  round  its  axis  /,  its 
centre  of  gravity  being  changed, 
till  it  is  stopped  by  the  rod  d,  and 
hereby  empties  itself.  Thus  the 
second  compartment,  e,  is  raised 
up ;  it  arrives  below  the  opening 
of  b,  and  is  filled  in  its  turn ;  then 
it  tilts  over  to  the  other  side,  where  it  is  stopped  by  ^,  and  the  play 
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begins  again.  The  acid  iutennittently  poured  out  is  caught  in  a 
vessel  conducting  it  to  the  individual  cascades  in  such  narrow  tubes 
that  each  tilting  of  the  troughs  fills  them  all  at  the  same  time.  This 
saves  the  jars  and  cocks  shown  in  fig.  139 ;  but  some  of  the  narrow 
tubes  are  easily  stopped  up  without  this  being  noticed;  and  the 
oscillating  trough  itself  is  very  liable  to  get  fixed  Grom  one  cause 
or  another. 

In  lieu  of  the  small  cascades,  at  many  works  a  simpler  apparatos 

has  recently  come  into  use,  where  the  whole  supply  of  nitric  acid 

enters  at  a  single  place.     Such  is  the  apparatus  shown  in  fig.  141, 

Fig.  141. 
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on  a  scale  of  1  :  35.  It  is  a  column  composed  of  cyliDders,  a,  and 
shallow  saucers,  b,  all  made  of  stoneirare,  diminishin);  in  size  from 
the  bottom  upwards  to  the  top,  so  that  the  nitric  acid  runs  over  &om 
one  into  another.  The  lowest  saucer  is  2  feet  6  inches  wide  and 
2^  inches  deep,  the  uppermost  6  inches  wide  and  If  inch  deep ;  the 
cylinders  have  openings  for  the  circulation  of  the  acid  and  the  gas. 
This  apparatus  has  the  following  faults : — When  the  glass  or  stone- 
ware tube  conveying  the  nitric  acid  has  to  be  replaced  by  a  new  one, 
it  is  difficult  to  just  hit  the  top  dish  of  the  cascade ;  there  is  even  a 
danger  of  upsetting  the  whole  column,  owing  to  its  slight  stability ; 
and  the  upper  dishes  are  so  small  that  they  are  soon  filled  with  mud 
and  flue'duat. 

Consequently,  most  works  now  employ  stoneware  dishes  of  equal 
size,  about  3  feet  wide  and  2^  inches  deep.  Twelve  of  these  are 
placed  terrace-wiae,  one  behind  the  other,  in  one  of  the  chambers, 
so  that  the  spout  of  each  projects  over  the  next  lower  dish,  and 
empties  the  overflow  into  the  latter.  The  dishes  are  placed  on 
loosely-put-together  firebricks,  as  shown  in  fig.  142  on  a  scale  of 
1:20. 

Fig.  142. 
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Whilst  the  nitric  acid  slowly  mns  through  the  above  apparatus, 
it  is  reduced  by  the  sulphurous  acid  surrounding  it  to  hyponitric 
and  nitrous  acids^  which  get  mixed  with  the  other  gases ;  the  sul- 
phuric acid  formed  in  this  process^  if  the  spreading  is  properly 
done,  arrives  at  the  bottom  free  from  nitric  acid. 

Formerly  the  nitric  acid  used  to  be  decomposed  in  two  "  tam- 
bours'' (that  is,  small  lead  chambers)  about  22x  lOx  12  feet,  or 
cylinders  of  10  to  13  feet  diameter  and  1 2  feet  height,  placed  between 
the  burners  and  the  main  chamber.  The  second  of  these  contained 
the  above-described  spreading-apparatus ;  it  stood  at  a  higher  level 
than  the  first  tambour,  into  which  it  emptied  its  acid,  and  which 
only  served  for  further  exposing  it  to  sulphurous  acid,  and  com- 
pletely driving  off  the  nitrogen  oxides.  This  first  chamber  received 
enough  steam  to  prevent  the  formation  of  chamber-crystals,  or  to 
decompose  them  if  they  arrived  in  solution  from  the  second 
chamber ;  the  acid  collecting  in  the  first  small  chamber  ran  away 
into  the  main  chamber.  The  first  tambour  is  unnecessary ;  with 
proper  regulation  the  nitric  acid  can  be  completely  decomposed  in 
the  first  apparatus  by  means  of  SO^  and  steam ;  but  the  latter 
ought  to  be  supplied  to  such  an  extent  that  the  sulphuric  acid 
formed  contains  rather  more  than  four  molecules  of  water  to  each 
molecule  of  acid.  At  some  French  works  the  above-described 
faulty  arrangement  of  the  cascades  caused  the  acid  in  the  second 
tambour  to  contain  a  good  deal  of  nitric  acid. 

Recently  at  many  works  the  tambours  have  been  abolished,  and 
the  process  carried  on  in  the  main  chamber. 

The  descriptions  of  cascades  hitherto  given,  mainly  according  to 
Schwarzenberg,  should  be  supplemented  by  some  of  the  most 
recent  improvements.  To  these  belongs  Bode's  construction 
(Dingl.  Journ.  ccxxiii.  p.  400),  shown  in  figs.  143-1-^5.  The 
dishes  have  an  upper  diameter  of  2  feet  3  inches,  and  3  inches 
height.  The  spout  is  cut  in  so  low  that  the  acid  hardly  stands 
1^  inch  deep.  They  are  supported  by  stoneware  cylinders  of  three 
different  diameters  and  varying  heights.  The  nitric  acid  passes 
into  the  chamber  through  a  glass  tube,  forming  an  hydraulic  joint 
and  fitting  into  a  lead  tube  soldered  into  the  chamber-side.  From 
the  bottom  dish  the  acid  runs  into  a  pot,  d,  of  thick  lead,  joined  by 
a  pipe  to  another  pot,  c,  outside  the  chamber.  Thus  samples  can 
be  taken  and  the  degree  of  decomposition  ascertained.  To  allow 
the  air-bubbles  to  escape,  the  connecting-pipe  of  the  pots  is  bent 
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upwards  and  furnished  with  an  air-tube,/.  From  e  the  acid  goes 
back  into  the  chamber  by  another  tube,  forming  an  hydraulic  joint 
and  carrying  an  air-tube,  g.  The  burner-gas  eaters  the  chamber 
through  h ;  the  cascade  is  so  placed  that  the  gas  comes  into  com- 
plete contact  with  it,  first  of  all  with  the  last  dishes.  Such  a  cas- 
cade suffices  for  a  lead  chamber  turning  out  5  to  7^  tons  of  vitriol 
of  144°  Tw.  in  twenty-four  hours.  Fig.  145  shows  the  dishes  on 
a  larger  scale. 

A  very  good  shape  of  cascade  ia,  lastly,  that  made  by  Fikentacher, 

Fig.  146. 


of  Zwickau,  and  figured  in  fig.  146  ;  this  is  recommendable  from 
its  lai^e  surface  and  the  frequent  movement  imparted  to  the  acid. 
Bode  (Dingl.  Joum.  ccxx.  p.  538)  has  also  improved  the  ordi- 
nary Mariotte's  bottle,  which  easily  gets  stopped  up  by  grains  of 
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saiid  &c.  getting  into  the  slightly-opened  stopcock.     Bode  avoids 
this  by  opening  the  cock  full  bore,  stopping  the  neck  of  the  bottle 
tightly  by  a  caoutchouc  cork  (as 
shown  in  fig.  147),  through  irhich  ^8- 1*'* 

a  tube,  a,  goes  down  to  the  desired 
depth  J  the  latter  being  connected 
by  the  elastic  tube  6  with  a  metal 
or  glass  cock,  c,  of  i  inch  bore. 
Further  improvements  in  this  ap- 
paratus have  been  made  byLiebig 
(Posfs  Zeitschr.  f,  d.  chem. 
Grossgcw.  1878,  part  2). 

In  lieu  of  stoneware  dishes,  in 
France  glass  spouts  of  3  ft.  length 
and  J  in.  width  are  often  em- 
ployed ;  these  afford  more  sur- 
face and  are  much  lighter  than 
the  dishes.  As  seen  from  fig. 
148,  they  are  of  unequal  height, 
ao  that  the  liqiiid  runs  from  A  to 
B,  runs  over  in  B  to  a  second 
spout,  in  order  to  flow  in  a  backward  direction,  and   so   forth. 


According  to  the  size  of  the  chamber  and  the  quantity  of  nitric 
acid,  from  twenty  to  eighty  spouts  are  placed  on  pieces  of  glazed 
stoneware,  shown  in  the  diagram. 

In  order  to  be  quite  sure  that  the  liquid  arriving  U  entirely 


Fig.  149. 
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deprived  of  its  nitric  add,  some  ntanafacturers  allow  the  last  spout 
to  project  outside,  so  that  samples  can  be  taken  at  any  moment. 

Some  manufactnrers  prefer  to 
nm  the  acid  not  continaously  in  a  ^'i-  ^■'^■ 

very  small  jet, but  intermittentlr  in 
larger  quantities.  For  tbis,  nearlv 
always,  a  siphon  arraDgement  is 
employed  (fig,  149).  a  couveya 
nitric  acid  into  the  stoneware 
Teasel^;  through  its  bottom  passes 
a  tube  reaching  about  three 
fourths  up  its  height,  and  open  at 
both  ends.  This  is  covered  by  the 
wider  tube  d,  which  is  closed  at 
the  top  and  open  at  the  bottom,  J 

so  that  the  acid  fills  up  the  space 

between  the  inner  tube  and  d.  As  soon  ss  it  has  got  to  the  t<^  of 
the  former,  this,  along  with  d,  forms  a  siphon  which  almost  di- 
rectly empties  the  contents  of  d,  whereupon  this  is  slowly  filled  till 
the  acid  has  again  risen  to  the  top  of  the  inner  tube,  and  so  forth. 

By  far  the  simplest  method  of  feeding,  which  dispenses  with  all 
cascades,  tambours,  &c.,  is  that  of  running  the  nitric  acid  along  with 
the  nitrons  vitriol  through  the  Glover  tower.  Up  to  the  very  latest 
time  few  ventured  to  do  this,  because  a  loss  of  nitre  was  appre- 
hended with  this  plan ;  but  at  some  of  the  best-managed  works  it 
has  now  been  done  for  years  without  involving  any  estra  consump- 
tion of  nitre. 

There  is  yet  a  third  way  of  introducing  the  nitre.  Many  years 
ago  several  works  ran  their  nitre  as  a  toluHon  in  water  into  the 
chambers.  This  has  been  given  up  long  since,  both  because 
sodium  sulphate  gets  into  the  acid,  which  is  not  allowable  iat 
many  purposes,  and  because  the  lead  always  wears  away  very 
quickly  at  the  point  where  the  solution  enters.  The  same  method 
has  been  recently  patented  by  Bnrnard  (14th  Aug.,  1875).  The 
solution  of  nitre  was  to  be  injected  into  the  chamber  in  a  thin 
jet,  or,  best  of  all,  at  once  mixed  with  sulphuric  acid  by  means 
of  a  Bteam-jet,  quite  similar  to  Sprengel's  water^spray  (compan 
this).  The  principal  advantage  sought  for  in  this  process  was  an 
imaginary  saving  of  nitric  acid,  which  in  the  decomposition  of 
nitre  by  the  buiner-gas  was  supposed  to   be   redact  to   N^O 
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and  N.     We  shall  see  later  on  that  no  sensible  decomposition 
of  this  kind  takes  place   at   all;   and   any   advantage  accming 
therefrom  is  far  more  than  counterbalanced  by  the  difficulty  of 
keeping  the  nitre  solution  long  enough  in  suspension  to  com- 
pletely  decompose  it    and   to   prevent   liquid    nitric   acid  from 
getting  at  the  chamber-bottom.     The  process  also  takes  so  much 
steam  that  the  acid  in  the  first  chamber  gets  too  weak.     This,  to 
be  sure,  is  contradicted  by  the  patentees   (Chem.  News,  xxxvii. 
p.  203) ;  but  no  independent  favourable  testimony  has  yet  been 
published,  and  a  saving  of  nitre  seems  out  of  the  question.     It 
would,  however,  seem  feasible  to  run  a  solution  of  nitre  through 
the  Glover  tower  along  with  chamber-acid  and  nitrous  vitriol,  so 
that  the  nitre  would  be  decomposed  in  the  tower  itself,  sodium 
sulphate  and  nitrous  acid  being  formed.     Of  course,  this  plan,  as 
well  as  that  mentioned  before,  is  entirely  restricted  to  the  case  of 
all  the  sulphuric  acid  being  intended  for  decomposing  the  salt.     The 
last  plan  is  undoubtedly  the  simplest  imaginable  one  for  introducing 
the  nitre,  uniting  the  advantages  of  both  solid  nitre  and  nitric 
acid — easy  regulation,  introduction  of  any  quantity  at  a  time, 
dispensing  with  all  apparatus  for  introducing  the  nitre  or  manu- 
facturing nitric  acid,  saving  of  labour  and  coals  (in  the  case  of 
nitric  acid),  avoiding  the  handling  of  nitric-acid  carboys  or  of 
fluxed  nitre  cake,  the  latter  forming  an  article  difficult  to  utilize 
to  advantage. 

Unfortunately,  all  these  advantages  are  counterbalanced  by  a  great 
drawback,  which  has  compelled  most  manufacturers  who  have  tried 
this  process  to  give  it  up  again  :  it  is  found  that  sodium  sulphate 
crystallizes  in  the  towers,  tanks,  and  connecting-pipes,  and  causes 
obstructions.  It  would  be  necessary  to  have  two  Glover  towers 
for  each  set,  and  to  run  the  nitre  solution  down  only  one  of  these, 
whose  acid  would  not  be  used  for  the  Gay-Lussac  tower,  but  for 
the  decomposing-pans  only.  This  would  be  very  inconvenient,  and 
for  smaller  works  not  at  all  feasible. 

Several  other  proposals  partly  carried  out  in  practice  have  had 
no  lasting  success.  Thus,  for  instance,  the  attempt  has  been  made 
in  France  to  obtain  oxalic  acid  as  a  by-product  in  evolving  the 
nitre-gas  by  heating  molasses  with  nitric  acid  and  conducting  the 
vapours  into  the  chambers.  The  yield  of  oxalic  acid,  however,  was 
not  large  enough  to  compete  with  its  manufacture  from  sawdust 
by  fusing  caustic.     Not  more  successful  was  a  proposal  of  Laing 
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and  Cossins^  to  heat  sodium  nitrate  with  arsenions  acid  or  chro- 
mium oxide^  in  order  to  obtain  arseniates  or  chromates  along 
with  nitrous  acid  for  the  chamber  process  (Wagner^s  Jahresb. 
1862^  p.  207).  On  the  other  hand^  it  is  certainly  advisable  to 
conyey  any  nitrous  gas  generated  in  making  arsenic^  antimonic^ 
phthalic  acid|  &c.  by  means  of  nitric  acid^  which  formerly  used  to 
be  lost^  into  the  lead  chambers ;  but  this  proposal  has  very  little  pro- 
spect of  being  followed  out,  since  the  respective  works  now  r^u- 
larly  regenerate  nearly  the  whole  of  the  nitric  acid  by  mere  contact 
of  the  vapours  with  an  excess  of  air  and  water. 

A  peculiar  process  has  been  invented  by  Dunlop,  and  is  still 
carried  out  at  St.  Rollox,  but  seems  to  be  confined  to  that  place^ 
being  not  in  use  even  at  the  new  works  at  Hebbum  belonging  to 
the  same  firm.  A  mixture  of  common  salt,  nitrate  of  soda,  and 
sulphuric  acid  is  heated  in  large  iron  cylinders;  the  principal 
reaction  setting  in  is  as  follows  : — 

3SO4H, + 2NaN03 + 4NaCl  =  3Na^04  +  N^Oj  +  4C1  +  3H«0 ; 

but  the  further  deoxidation  of  nitric  acid  will  only  be  prevented 
by  keeping  within  certain  limits  of  temperature.  Thus  there  re- 
mains a  soluble  residue  of  sodium  sulphate,  whilst  chlorine  and 
nitrous  acid  are  given  off  in  a  gaseous  form.  The  two  gases  are 
separated  by  passing  them  through  a  series  of  leaden  Woulfe's 
bottles  filled  with  sulphuric  acid  of  1*75  spec.  grav. — which  retains 
the  nitre-gas,  being  converted  into  ''  nitrous  vitriol "  and  used  as 
such  (see  below) ;  the  chlorine  passes  through  without  absorption^ 
and  is  utilized  for  bleaching-powder.  The  advantage  of  this 
process  is,  that  chlorine  is  obtained  direct  &om  salt  without 
making  any  muriatic  acid  and  without  wasting  manganese.  The 
drawbacks  are  : — that  the  nitre-gas  has  to  be  evolved  again  firom 
the  nitrous  vitriol,  which  formerly  could  only  be  done  by  diluting 
with  hot  water,  necessitating  a  reconcentration  of  the  vitriol ;  that 
there  is  a  danger  of  losing  nitrogen  compounds;  and  that  the 
apparatus  is  somewhat  complicated. 

The  Steam 

is  always  generated  in  an  ordinary  steam-boiler  since  boilers 
placed  above  the  burners  have  been  given  up  everywhere.     The 
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boilers  are  constructed  in  the  usual  manner^  but  are  mostly  made 
for  low  pressure,  rarely  working  above  two  atmospheres,  more  fre- 
quently only  at  one  or  one  and  a  half  atmosphere ;  in  the  south 
of  France  they  work  at  three  or  three  and  a  half  atmospheres.  A 
high  pressure  has  no  object  so  long  as  the  liquid  is  spread  over 
the  whole  chamber-space ;  for  even  low  pressure  fulfils  this  require- 
ment and  sufficiently  assists  the  draught.  Low-pressure  steam  is 
more  easily  kept  at  the  same  tension  than  high-pressure ;  with- 
out this  no  regulation  of  the  supply  of  steam  to  the  chambers  by 
the  attendant  is  of  any  avail.  To  be  sure,  high-pressure  con- 
denses less  readily  than  low-pressure  steam ;  but  this  is  a  doubt- 
ful advantage,  so  long  as  the  steam  possesses  enough  "  carrying- 
power  "  to  convey  the  minute  globules  of  water  right  to  the  other 
end  of  the  chamber.  Experience  has  shown  that  this  is  the  case 
even  with  low-pressure  steam ;  at  most  English  works  they  only 
employ  a  single  jet  at  one  end  of  each  chamber,  and  find  this  quite 
sufficient  to  supply  the  whole  chamber  with  moisture. 

At  some  large  works,  in  order  to  control  the  regularity  of  ten- 
sion of  the  steam,  so  important  for  a  regular  chamber  process, 
registering  steam-gauges  are  employed,  which  show  the  tension 
during  the  whole  day  on  a  sheet  of  paper  wrapped  round  a  drum 
making  one  revolution  in  twenty-four  hours.  Such  a  gauge, 
made  by  Schaefifer  and  Budcnberg,  of  Magdeburg,  is  described  in 
'  Diugler's  Journal,^  ccxxvii.  p.  519. 

The  conveyance  of  the  steam  to  the  chambers  usually  takes  place 
in  cast-iron  pipes,  with  one  or  more  branches  for  each  chamber. 
The  main  pipes  in  any  case,  and,  if  possible,  also  the  branch-pipes, 
looking  at  their  great  length,  ought  to  be  surrounded  by  bad  con- 
ductors of  heat  to  restrict  radiation  as  much  as  possible,  and  avoid 
a  considerable  loss  by  condensation  of  water. 

The  pipes  must  always  be  laid  with  a  slight  fall  towards  the 
boiler,  so  that  the  condensed  water  may  run  back.  Where,  from 
local  circumstances,  this  cannot  be  done,  automatic  apparatus  for 
removing  the  water  should  be  fixed  at  the  lowest  points. 

Of  course  the  size  of  the  main  pipes  must  correspond  to  the 
number  and  size  of  the  chambers.  When  more  than  one  steam- 
boiler  is  required,  they  are  placed  together,  and  their  main  pipes 
connected  so  as  to  equalize  the  pressure.  The  branches  for  each 
chamber  need  not  be  above  1  inch  wide,  even  for  large  chambers 
(up  to  70,000  cubic  feet)  supplied  by  one  jet.    They  are  made  of 
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wronght-iron  tubes,  a  'fig.  150  ,  sometimes  oE  copper,  op  to  a  short 
distance  from  the  chamber,  where  they  end  ia  a  cock  or  valve,  6, 
to  which  a  lead  pipe,  c,  equal  in  width  to  a,  is  attached  and  pro- 
jects into  the  chamber  itself.     It  a  nut,  however,  burnt  to  the 

r;g.  150. 


charaber-side  e  itself;  but  a  short  wider  tube,  d,  is  burnt  to  this, 
and  e  is  loosely  put  into  it,  the  joint  being  made  tight  with  tar, 
cement,  &c.  In  this  case,  if  the  outlet  is  stopped  up  by  lead  sul- 
phate, the  pipe  e  can  be  easily  drawn  out  and  cleaned,  and  no  pla^ 
tinum  uozzlut  are  required  (as  proposed  by  Scheurer-Kestner). 

The  same  figure  shows  another  commendable  contrirance,  viz.  a 
nmple  mercurial  pretBure-gavge,  consisting  of  a  bent  glass  tube,/, 
with  a  scale,  g,  put  by  means  of  a  caoutchouc  bung  into  a  branch, 
k,  of  the  lead  pipe  e.  Thus  the  pressure  behind  the  regulating  cock 
can  be  observed  at  Uky  time ;  and  the  chamber-manager  has  thus  a 
means  of  very  exactly  r^nlating  the  supply  of  steam.  Any  water 
condensed  in  the  gauge  can  be  easily  allowed  for. 

A  good  steam-coTit  is  preferable  to  a  wheel-valve,  because  the 
wheel  does  not  show  how  far  the  valve  is  opened,  whUst  the  handle 
of  the  cock  can  be  fitted  with  a  graduated  arc  so  that  its  position 
can  be  fixed  with  predsion. 
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In  continental  works  there  arc  mostly  several  jets  in  a  chamber, 
distributed  over  its  length,  and  turned  at  a  right  angle  to  it  or  to 
the  direction  of  the  current  of  gas.  This,  no  doubt,  interferes 
with  the  draught,  and  in  any  case  necessitates  another,  stronger 
steam-jet  in  the  same  direction  as  the  drauglit.  In  England  it 
is  quite  usual  to  employ  only  the  latter,  mostly  beside,  above, 
below,  or  even  within  the  pipe  conveying  the  gas  from  the  burners, 
the  Glover  tower,  or  the  preceding  chamber.  Some  introduce  the 
steam  quite  near  the  top,  others  in  the  centre  of  the  chamber- 
end.  A  single  steam-jet  suffices,  if  the  length  of  the  chamber 
does  not  exceed  about  130  feet;  in  longer  chambers  it  would  not 
carry  right  through. 

Perfectly  absurd  is  the  arrangement  given  in  every  edition  of 
Payen's  '  Precis,^  even  up  to  the  last  one  (1877),  and  copied  from 
it  into  many  other  treatises.  Here  the  steam-jets  are  shown  partly 
in  the  chamber-bottom,  coming  through  the  chamber-acid.  No 
practical  man  can  imagine  that  this  plan,  if  it  has  been  actually 
carried  out  anywhere,  has  not  been  abolished  at  the  first  opportu- 
nity ;  for  the  shaking  by  the  steam  must  gradually  cause  a  leakage 
at  the  joint,  which  cannot  be  got  at,  owing  to  the  chamber-floor ; 
nor  can  it  be  repaired  till  the  chamber  has  been  entirely  emptied. 

Experience  has  shown  that  a  single  steam-jet  from  a  1-inch  pipe 
is  quite  sufficient  for  feeding  chambers  up  to  130  feet  length,  and 
also  that  the  distribution  of  moisture  through  the  chamber  is  pro- 
perly effected.  By  arranging  a  single  steam-jet,  the  cost  of  cocks, 
branches,  &c.  is  saved,  and  the  regulation  of  the  supply  of  steam 
is  much  simpler  and  easier  than  if,  for  instance,  four  cocks  were 
to  be  opened  one  quarter  as  much  as  the  cock  of  the  single  jet. 

In  spite  of  this,  many  manufacturers,  probably  from  unnecessary 
apprehensions,  prefer  introducing  the  steam  in  several  places — for 
instance,  through  the  chamber-top.  An  apparatus  by  which  steam 
can  be  introduced  at  many  places  and  yet  regulated  at  a  single 
place  has  been  described  by  Scheurer-Kestner  (Wurtz,  Diet,  do 
Chimie,  iii.  p.  149) ;  it  is  shown  in  fig.  151 :  a  is  the  copper  main 
pipe  running  in  the  centre  of  the  chamber-top,  and  held  fast  by 
the  joist  b  &|,  as  well  as  the  branches  c.  The  latter  are  arranged 
alternately  on  the  left  and  right  hand  at  distances  of  16^  feet; 
they  are  made  of  lead,  pass  through  the  chamber-top,  and  arc  burnt 
into  it.  The  arm  d,  covered  with  straw  rope,  serves  for  making 
the  communication  between  a  and  c.     Both  pipes  have  hydraulic 
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lates^  so  that  only  a  rery  low  pressure  can  be  employed.     The 
main  pipe,  a,  is  provided  with  a  cock,  and  the  supply  of  steam 


regulated  by  this.  The  steam,  entering  the  pipe  at  the  front  end 
of  the  chamber,  will  principally  escape  through  the  first  branches, 
where  it  is  most  needed,  because  in  the  banning  most  unchanged 
sulphurous  acid  is  present.  The  pipe  a  has  sufficient  fall  for 
emptying  the  condensed  water.  (This  arrangement  seems  to  offer 
no  advantage  over  simple  branches  on  a  main  pipe,  and  has  the 
great  disadvantage  that  only  a  very  low  pressure  can  be  employed, 
as  the  water  is  easily  thrown  out  of  the  hydraulic  joints  of  a  and  c). 

At  the  Oker  Works  there  is  also  a  steam-pipe  extending  above 
the  chambers,  from  which,  at  intervals  of  17  feet,  branches  of 
|-inch  bore  enter  the  latter;  from  these  the  steam  issues,  by 
several  small  openings  immediately  below  the  top,  in  several  direc- 
tions. The  tension  there  is  2  atmospheres  (Brauning,  /.  c.  p.  137). 
A  similar  arrangement  exists  at  Aussig  and  elsewhere.  In  all 
these  cases  each  branch-cock  must  be  regulated  separately. 

7%e  total  quantity  of  steam  required  for  a  set  of  chambers,  whidk 
should  be  known  approximately  in  order  to  fix  upon  the  boiler- 
space  and  the  size  of  the  main  pipes,  of  course  depends,  first, 
upon  the  quantity  of  sulphur  to  be  burnt,  secondly  upon  the 
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existence  of  a  Glover  tower,  and  thirdly  upon  the  strength  to 
which  the  acid  is  brought  in  the  chambers.  A  general  rule, 
therefore,  cannot  be  laid  down.  The  two  latter  conditions  are 
partly  reciprocal ;  the  stronger  the  acid  is  made  in  the  chambers, 
the  less  water  is  evaporated  in  the  Glover  tower,  and  vice  versd.  If 
we  assume,  adopting  a  very  usual  proportion,  that  all  the  chamber- 
acid  is  brought  up  to  124°  Tw.,  and  that  it  is  concentrated  in  the 
Glover  tower  up  to  148°  Tw.,  the  amount  of  steam  required  will  be 
as  follows : — 

Each  pound  of  sulphur  burnt  requires, 

98               18 
1st,   for  forming  —  SO4H2,  ^  water =0*5625  lb. 

2nd,  for  diluting  it  down  to   124°  Tw. 

(=70  per  cent.  S04H^,  1^1 =13125  „ 


1-8750  „ 


Of  this  nothing  is  lost  with  the  escaping  gas, 
as  this  passes  in  the  Gay-Lussac  tower  through 
strong  vitriol ;  on  the  contrary,  the  Glover 
tower  saves  the  steam  corresponding  to  a  con- 
centration from 

124°  (  =  70  per  cent.)  to  148°  Tw.  (=80  per 

cent.),  m.  7(j^ =0-4375  lb. 


Leaving 14375  lb. 

which  must  be  supplied  to  the  chambers.  To  this  must  be  added 
a  certain  quantity  for  water  condensing  in  the  steam-pipes ;  but 
this  cannot  be  estimated  generally,  since  here  every  thing  depends 
upon  the  length  of  the  pipes,  their  thickness,  surroundings,  &c. 
It  is  safe  to  say  that  the  steam  to  be  generated  in  the  boiler, 
without  a  Glover  tower,  amounts  to  about  2^ — with  it,  to  about 
2  times  the  weight  of  sulphur  burnt. 

In  lieu  of  feeding  the  chambers  with  steam,  Sprengel  (patent 
of  October  1st,  1873)  proposed  liquid  water  in  the  form  of  a 
fine  spray.  His  reasons  are  these : — that  the  steam  increases 
the  volume  of  the  gases  by  its  heat,  and  consequently  more 
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chamber-space  and  nitre  are  used,  which  can  be  avoided  by  intro- 
dtjcing  the  water  in  a  liquid  form,  sufficiently  divided ;  and  that 
the  {:(M  of  evai)oration  can  be  saved  in  this  way.  The  water  is  itself 
ma/lc  into  a  spray  l)y  the  emi)lovment  of  steam,  since  a  steam-jet 
of  30  lb.  tension  escapes  tlirough  a  i)latinum  nozzle  in  the  centre 
of  a  water-jet,  as  shown  in  fig.  152  (where  a  is  the  steam-pipe,  * 

Fig.  152. 


tlir*  watcr-pifX') ;  but  20  lb.  of  ^toam  is  sufficient  for  converting 
80  lb.  of  water  into  a  mist.  Such  jets  are  arranged  in  the  chamber- 
sides,  at  distances  of  40  feet  from  each  other,  and  supplied  with 
water  from  a  tank  fixed  at  some  height  above.  Sprengel  assumes 
that  two  thirds  of  tluj  coals  can  be  saved  in  this  way,  instancing 
the  works  at  Barking  Creek,  where  at  the  same  time  a  saving  of 
Cj^  l)er  cent,  pyrites  and  of  14 j  per  cent,  nitre  is  said  to  have  been 
eflTcctcd.  At  those  works  there  was  no  Gay-Lussac  or  Glover 
tower.  Accordingly  they  had  not  the  latest  improvements;  and 
the  savings  menticmed  can  hardly  be  explained  in  any  other  way 
than  that  the  chambers  were  worked  too  hard,  and  so  were  some- 
what relieved  by  the  spray-jet.  In  the  case  of  factories  working 
with  a  Glover  tower,  Sprengel  estimates  the  saving  in  coal  at  a  third 
less  (Chem.  News,  xxxii.  p.  150) .  Of  course  the  water-  and  steam- 
cocks  must  be  exactly  regulated,  and  the  two  nozzles  must  have  a 
particular  shape,  so  that  only  a  fine  mist  and  no  coarser  drops  shall 
be  formed,  which  would  at  once  fall  to  the  bottom  and  only  dilute 
the  chamber-acid. 

SprengePs  process  labours  under  the  following  objections : — ^The 
spray-jet  contributes  next  to  nothing  to  the  draught,  and  very 
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little  to  the  mixing  of  the  gases  as  the  steam-jets  mix  them ;  and 
the  cooling  of  the  chamber  is  easily  carried  too  far,  below  the  tem- 
perature of  54°  C.  or  even  40°  C.  [the  minimum),  usually  assumed  as 
the  most  favourable  for  the  process.    Nor  can  it  be  assumed  that  a 
large  chamber  can  in  this  way  be  so  uniformly  supplied  with  mois- 
ture as  by  a  steam-jet ;  and  only  in  the  first  and  hottest  part  of 
the  set  might  the  spray-jet  be  employed  with  some  advantage.     In 
order  to  feed  a  chamber  by  spray-jets  it  would  have  to  receive  a 
number  of  apparatus;  and  the  complication  of  work  caused  thereby, 
as  well  as  the  other  drawbacks  mentioned  above,  will  not  be  coun- 
terbalanced by  the  saving  of  coals,  which  will  hardly  be  very  con- 
siderable.    In  fact  it  does  not  appear  that  SprengeVs  apparatus  has 
made  much  way  among  alkali- works. 

Arrangements  for  producing  the  Draught  in  the 

Acid-chambers. 

Already,  when  treating  of  the  burner-gas,  we  have  had  to  notice 
the  draught  which  is  necessary  in  the  whole  set  in  order  to  keep 
the  process  of  combustion  and  acid- formation  going ;  and  we  have 
seen  that  the  hot  gaseous  mixture  in  itself  contains  the  conditions 
for  causing  a  draught,  since  it  is  much  lighter  than  the  air,  and 
thus  will  always  have  a  tendency  to  rise  from  the  burners  to  the 
chambers.  We  have  also  pointed  to  another  potent  source  of 
draught,  viz.  the  formation  of  liquid  sulphuric  acid  within  the 
chambers  from  mixture  of  the  gases,  which  must  necessarily  have 
an  aspirating  action,  although  not  only  from  the  burners,  but  from 
all  sides. 

Along  with  these  two  sources  of  draught  furnished  by  the  essence 
of  the  acid-making  process  itself,  there  must  always  be  another 
arrangement  for  causing  further  draught,  especially  because  other- 
wise the  current  of  gas  could  not  be  turned  into  the  required  direc- 
tion. In  the  simplest  case  a  plain  outlet-pipe  behind  or  above  the 
last  chamber  will  suffice.  The  Belgian  Commission  of  1854  even 
preferred  this  arrangement  to  a  chimney ;  and  many  factories  work 
quite  well  in  this  way.  But  it  cannot  be  said  that  the  excessive 
draught  of  a  chimney  leads  to  a  loss  of  uncondensed  gas  and  too 
quick  a  passage  through  the  chambers ;  for  it  is  always  very  easy  to 
cut  off  an  excess  of  draught  by  a  damper  &c.  in  the  outlet ;  but  it  is 
nothing  like  so  easy  to  increase  the  draught  if  insufficient.    For  the 
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latter  object  a  special  ftteam-pipe  can  be  arranged  which  ends  in  a 
nozzle  turned  Bpward^  in  the  current  of  gas,  and  thus  caoses  a  strong 
draught  in  the  way  well  known  and  practised  in  locomotiTc  engines. 
But  then  regulation  is  all  the  more  called  for,  lest  the  draught 
should  Ije  too  strong ;  and  in  the  end  a  cheap  source  of  draoght,  Tiz. 
the  chimney,  has  been  replaced  by  a  dear  one^  without  any  gain  as 
to  constant  supervision  and  regulation.  We  should  accordingly 
always  prefer  a  chimney  to  a  steam-jet,  all  the  more  as  the  former 
will  alwavs  be  nece^isary  in  any  case  for  the  steam-boilers.  Of 
course  the  chimney,  to  do  its  work,  must  be  higher  than  the 
chambers. 

It  comes  to  the  same  thing  as  a  chimney  if  the  outlet-pipe  fixed 
to  the  last  chamber  has  a  considerable  height — for  instance,  50  feet 
(in  the  south  of  France).  Where  several  sets  of  chambers  exist  in 
the  same  works,  it  is  preferable  to  carry  them  all  into  a  common 
chimnc}',  providing  the  connecting-pipe  of  each  set  with  a  contri- 
vance for  regulating  the  draught. 

The  employment  of  a  chimney  is  even  more  advisable  if,  as  is 
now  the  case  in  all  well-appointed  works,  a  Gay-Lussac  tower  is 
fixed  at  the  end  of  the  set.  In  this  case  the  draught  must  be  regu- 
lated with  even  greater  care  than  otherwise ;  but  there  must  be  an 
excess  of  draught  at  disposal  to  begin  with.  It  is  also  a  great  con- 
venience if  the  "sight"  necessary  for  checking  the  work  of  the 
tower  (corop.  Chapt.  X.)  can  be  arranged  in  the  down-draught  near 
the  ground-level,  or  at  least  the  gangway  round  the  chambers.  If 
there  is  no  down-draught,  but  a  direct  top  draught  out  of  the  tower, 
it  is  always  ner;essary  to  mount  to  the  top  to  observe  the  "  sight." 
It  is,  however,  quite  possible  to  employ  the  tower  itself  as  a 
chimney,  if  it  is  built  with  its  top  a  good  deal  higher  than  the 
chambers ;  and  this  is  actually  done  at  several  works. 

The  more  recent  sets  of  chambers  at  Oker,  utilizing  the  configura- 
tion of  the  ground,  are  arranged  in  such  a  way  that  the  burners, 
Glover  towers,  chambers,  and  Gay-Lussac  towers  rise  one  above  the 
other,  terrace-wise.  Tlie  outlet  of  the  whole  is  at  a  height  of  62  feet 
above  the  level  of  the  burner-grates.  Drawings  of  this  arrangement 
are  given  by  Bniuning  (Prcuss.  Zcitschr.  f.  Berg-,  Hiitten-  u,  Sali- 
nenwcscn,  187^,  table  ii.).  It  is  stated  there  that  formerly  the 
draught  could  not  be  made  sufficient,  even  by  connecting  the  Gay- 
Lussac  towers  with  the  boiler-chimneys ;  but  this  only  proves  that 
the  latter  had  not  the  necessary  excess  of  drawing-power.     With 
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this  expensive  plan,  followed  at  Oker,  tbere  is  the  convenience  con- 
nected of  running  both  the  cli amber-acid  and  the  Gay-Lussac  acid 
into  the  Glover  tower  by  natural  fall;  but  the  latter  could  only 
be  made  17  feet  high. 

It  has  been  noticed  at  Oker  that  a  very  long  draught-pipe,  con- 
necting the  lost  chamber  with  the  tower,  nflbrds  the  advantage  of 
neutralizing  to  some  extent  the  oscillations  of  the  outer  atmospheric 
pressure,  and  thus  facilitating  the  regulation.  Be  this  as  it  may, 
such  a  long  pipe,  although  it  causes  some  loss  of  draught  by  fric- 
tion, will  always  be  very  useful,  by  cooling  the  gas  previously  to 
entering  the  absorbing-tower. 

We  have  already  said  something  about  the  principles  according 
to  which  the  supply  of  air  must  be  regulated ;  and  we  shall  have  to 
come  back  to  this  iu  the  next  Chapter.  Here  we  must  only  remark 
that  there  must  be  in  any  case  enough  total  draught  behind  the 
chambers,  but  not  too  much  ;  otherwise,  even  if  the  burners  them- 
selves are  protected  against  excess  of  draught  by  diminishing  the 
fdr-holes  below  the  grates,  there  is  all  the  more  tendency  for  air 
to  enter  the  chambers  from  all  other  sides  through  the  finest 
chinks  and  thus  disturb  the  process.  If  the  draught  is  excessive, 
the  incubus  of  the  vitriol-maker,  pale  chambers,  at  once  makes  its 
appearance. 

Whether,  therefore,  the  draught  is  produced  by  a  chimney  or  by 
an  open  pipe,  there  must  always  be  some  contrivonce  for  regulating 
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Fig.  164. 
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it.  At  matiT  wotls  this  'a  done  by  a  simple  damper,  introdnced 
into  the  respective  lead  pipe  bv  a  »Iii,  loted  with  clay  or  not  at  all. 
The  arrangement  shown  in  fi».  153,  partly  in  elevation,  partly  in 
section,  and  in  fig.  154,  in  crons  section,  is  far  more  perlect.  The 
draught-pipe,  a  a,  is  widened  ont  into  a  rectangolar  vessel  sor- 
roanded  by  a  jacket,  tb,  forming  an  hydranlic  joint ;  and  the  damper, 
c,  is  surrounded  on  all  sides  by  the  jacket  dd,  dipping  into  the 
water  lute  at  b.  The  damper  is  raised  and  lowered  by  the  help  of 
the  chain,  pulley,  and  balance- weight,  f,/,ff. 

In  continental  works  the  amngcroent  shown  in  fig.  155  ia  fre- 
quently  met  with.      The  dranght-pipc,  a  a,  is  interrupted  by  a 
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wider  drum,  b,  divided  into  two  parts  by  a  horizontal  diaphragm,  c. 
The  latter  is  perforated  by  a  number  of  holes  whose  total  area  is 
somewhat  larger  than  that  of  the  pipe,  aa.  'When,  therefore,  all  the 
holes  are  open,  there  is  no  obstacle  whatever  for  the  draught ;  bat 
this  can  be  produced  at  will  by  closing  a  certain  number  of  the 
holes  with  clay  or  lead  plugs.  For  this  purpose  the  space  above 
the  diaphragm  is  accessible  by  a  small  door,  which  may  consist  of 
a  pane  of  glass,  d  (fig.  155),  to  which  another  on  the  other  nde 
corresponds,  so  that  the  whole  at  the  same  time  serves  aa  a  "sight," 
C.  Ij.  Vogt  has  patented  (on  July  29th,  18/5)  a  peculiar  con- 
trivance for  producing  draught  in  acid-chambers,  which  introdnces 
tbr-  air  along  with  the  necessary  steam  through  a  pipe  with  an 
ojMiiiing  of  j  inch.     The  steam  is  under  a  pressure  of  3  to  4  atmo- 
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spheres.  This  invention  seems  to  have  very  little  object.  As  a 
rule,  quite  enough  air  enters  through  the  burners ;  and  in  practice 
an  excess  of  it  is  much  oftener  to  be  feared  than  a  deficiency ;  only 
in  very  special  cases  can  such  an  arrangement  be  preferable  to  a 
chimney. 

Although  we  have  in  a  previous  Chapter  excluded  the  use  of  a 
Combers  anemometer  for  regulating  the  access  of  air  to  the  burners, 
because  it  is  too  delicate  an  instrument,  and  because  it  only  shows 
the  draught  in  the  place  which  it  occupies,  we  have  here  to  speak 
of  an  anemometer  adapted  for  controlling  the  draught  in  another 
place,  viz.  on  leaving  the  chambers.  This  is  Peclet's  differen- 
tial anemometer,  as  modified  by  Fletcher  and  Swan.  Fletcher's 
modification  is  described  in  the  Third  Annual  Report  on  the  Alkali 
Act,  1863,  by  the  Inspector,  for  18G6,  p.  54  et  seq, ;  Swan's  (inde- 
pendently proposed  by  P.  Hart,  Chem.  News,  xxi.  p.  200)  in  the 
'Transactions  of  the  Newcastle  Chemical  Society,^  Jan.  26,  1871. 
Since  this  instrument  can  also  be  employed  usefully  for  other  pur- 
poses (as  for  the  muriatic-acid  condensers,  the  sidphur-recovery 
by  Mond's  process,  and  the  chimney-draught  generally),  we  shall 
here  give  a  description  of  it.  It  is  founded  upon  the  physical  prin- 
ciple that  a  current  of  air  passing  the  open  end  of  a  tube  causes  a 
partial  vacuum  in  the  tube.  If,  therefore,  a  straight  tube  is  intro- 
duced through  a  hole  into  a  chimney,  or  into  the  draught-pipe 
taking  away  the  chamber-gas,  so  that  the  gaseous  current  passes 
the  open  end  of  the  tube  at  a  right  angle,  a  partial  vacuum  will  be 
formed  in  the  latter,  proportionally  to  the  velocity  of  the  current. 
But  the  aspirating  action  of  the  chimney  will  be  equally  communi- 
cated to  this  tube ;  and  we  must  here  distinguish  between  these  two 
actions.  To  do  this,  we  must  introduce  two  tubes  into  the  chimney, 
one  of  which  ends  straight,  whilst  the  other  one  is  bent  to  a  right 
angle,  so  that  the  current  of  air  blows  into  it.  Both  tubes  will  now 
be  affected  by  the  aspirating  action  of  the  chimney ;  but  in  the 
straight  tube  this  is  increased  by  the  aspirating  action  of  the  cur- 
rent crossing  its  open  end,  whilst  in  the  bent  tube  it  is  diminished 
by  the  air  blowing  into  it.  The  difference  between  the  aspirating 
action  of  the  two  tubes  is  thus  reducible  to  the  action  of  the  current 
of  air ;  and  by  measuring  it  the  speed  of  that  current  can  be  ascer- 
tained. For  this  purpose  the  two  tubes  are  connected  with  a  U- 
shaped  glass  tube  containing  water  or  another  liquid ;  this  will  rise 
in  one  of  the  limbs  to  an  extent  corresponding  to  the  difference  of 


suction.  Since  the  sucking-action  of  the  chimney  acts  Dpon  both 
limbs,  it  is  eliminated,  and  the  difference  of  lerel  corresponds 
merely  to  the  different  action  exerted  by  the  current  of  air  upon 
the  straight  tube,  which  it  crosses,  and  the  bent  one,  into  vhich  it 
blows.  This  action  rises  and  falls  with  the  speed  of  the  current ; 
and  the  Utter  accordingly  can  be  deduced  from  it.  Water  (used 
by  Peclct),  on  account  of  the  friction  exercised  in  the  U-tnbe,  is 
only  adapted  for  currents  of  a  greater  speed  than  5  feet  per  sectmd. 
Fletcher  overcame  this  difficulty  thus : — In  order  to  lessen  the 
friction,  he  employed  two  cylinders,  ad,  fig.  156,  of  4  inches 
diameter,  connected  at  the  bottom  by  a  narrow  tube,  A.  This 
arrangement  ia  ten  times  as  sensitive  as  a  U-tube  of  0'4  inch 
width  would  be,  since  the  area  upon  which  the  pressure  acts  is 
increased  100-fold,  but  the  circumference  upon  which  friction  acts 


Fltr.  ISe. 


only  10-fold.  The  rising  and  falling  of  the  liquid  is  observed  by 
means  of  metal  floats,  c  c,  upon  which  a  very  fine  horizontal  line  is 
marked  by  a  lathe ;  and  the  scale,  d,  provided  with  a  vernier  and  a 
very  fine  adjusting-screw,  permits  the  difference  of  level,  down  to 
one  thousandth  part  of  an  inch,  to  be  read  off.  This  is  possible,  not 
with  water,  whose  mobility,  owing  to  its  adhesion  to  the  glass,  is 
too  slight,  but  with  ether,  wbose  adhesion  is  only  one  two-thousandth 
of  that  of  water.  The  two  glass  tubes,  e  and  /,  arc  put  into  the 
draught-pipe,  k,  by  means  of  a  cork,  g,  at  right  angles  to  the  cur- 
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rent  of  gas  (so  that  it  blows  into  the  bent  tube,  f),  and  are  connected 
by  elastic  tubes,  h  i,  with  a  a'. 

It  remains  to  ascertain  the  relation  of  the  readings  to  the  speed 
of  the  currents.  In  any  case  the  pressures  indicated  by  the  ane- 
mometer must  correspond  to  the  square  of  the  speeds,  and  the 
formula  will  have  this  shape, 

where  v  is  the  speed  of  the  gas  in  feet  per  second,  p  the  pressure  in 
inches  as  shown  by  the  anemometer,  and  c  a  constant.  In  order  to 
ascertain  the  value  of  c,  Fletcher  made  about  100  experiments  in 
an  iron  flue  of  14  inches  diameter  and  100  feet  length,  one  of  whose 
ends  was  open,  the  other  one  connected  with  a  high  factory-chimney, 
the  draught  being  exactly  regulated  l)y  a  damper.  In  the  open  end, 
by  dropping  sulphuric  acid  on  a  red-hot  brick  at  certain  intervals, 
white  clouds  were  generated,  whose  arrival  at  the  other  end  could  be 
observed  through  two  opposite  holes ;  the  time  elapsed  in  the  interval 
indicated  the  speed  of  the  current,  the  anemometer  being  read  off 
at  the  same  time.  Such  experiments  were  made,  by  altering  the 
damper,  at  speeds  varying  from  1  to  20  feet  per  second.  The  values 
of  c  were  computed  by  the  formula 

P 

and,  when  corrected  for  temperature  and  barometrical  pressure,  were 
found  to  agree  exactly — viz.,  on  the  average,  25*31  for  a  temperature 
of  eO''  F.  (= 15°-5  C.)  and  a  pressure  of  30  inches  (=762  millims.) ; 
therefore  _ 

v=v/;?x  25-31. 

But,  later  on,  Fletcher  found  (Fifth  Annual  Report  on  the  Alkali 
Act,  p.  63  8eq.)y  by  a  number  of  experiments  in  three  flues  of  diffe- 
rent lengths,  the  mean  value  of  ^=2850  at  60°  F.  and  2992  inches 
pressure  (the  values  varied  from  27*38  to  29*21),  at  the  same  time 
deducing  a  mathematical  formula  for  it  by  assuming  that  the  suck- 
ing or  drawing-up  force  in  the  tube  was  equal  to  the  direct  force 
of  impact  of  the  current  of  air  on  the  surface  of  the  other  limb. 
Thus  we  have 

where  v  is  the  velocity  of  the  air  in  feet  per  second, 


334  SULPHURIC  ACID. 

^= gravity  =  32*18  feet  per  second, 

«;= weight  of  a  cubic  foot  of  air  at  C0°  F.  and  29*92  inches  baro- 
metric pressure =0*076107  lb., 

P= pressure  in  pounds  per  square  foot  on  a  flat  surface  held  at 
right  angles  to  the  direction  of  the  current  of  air. 

Let  p  be  the  height  of  the  column  of  liquid  driven  up  the  tube, 
measured  in  inches,  W  the  weight  in  pounds  of  ^^  cubic  foot  of  this 
liquid.     Then 

P=j9W  ;  v^iv=(/pW  ;  v=  \/ p- — • 
Where  the  liquid  used  is  water,  W  =  5*20833  and  t;=  Vjo  46*92, 

^'^=a&()2- 

If  ether  of  the  specific  gravity  0*740  be  employed,  and  the 
instriunent  be  so  used  that  the  reading  is  double  the  actual  column 
of  ether  supported,  then 


-x/f'-J-Vf.  28-55. 


2    w 

This,  as  will  be  seen,  closely  agrees  with  the  result  deduced  from 
the  experimental  observations. 

Fletcher  further  deduces  the  following  formula  for  corrections 
for  any  temperatures  different  from  60°  F.  (/= degrees  Fahrenheit), 


^-\/SS^28*^^> 


and  for  any  variations  in  barometric  pressure  (A=inche8), 

t^'=\/j»^  28-55, 

or,  if  the  velocity  is  to  be  reduced  to  feet  of  air  at  29*92  inches =760 
millims.  barometric  pressure. 


"^VPWoi 


29-92  ><  28-55. 

The  complete  formula,  embodying  the  correction  forvariatiou  of 
temperature,  and  for  that  of  barometric  pressure,  is  therefore 


♦'  =  VP29^- 


29-92  459+/ 


^19  CkCt    •-M 

X  28*o5. 
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Usually,  however,  it  is  required  to  know  the  speed  of  the  current 
at  the  barometric  pressure  prevailing  at  the  time ;  and  then  the 
formula  is 


"=V^-7r-^159-W^  28-05. 


459  +  / 

The  Table  given  on  p.  337,  for  the  speeds  corresponding  to  dif- 
ferent readings  of  the  anemometer,  is  computed  from  the  formula 

v=  \^px  28*55; 

and  another  Table  is  added  for  correcting  the  variations  in  the 
temperature  of  the  current  of  gas.  The  corrections  for  small 
variations  in  the  barometrical  pressure  are  usually  not  consi- 
derable ;  but  they  can  be  made  by  means  of  the  above  formulae — 

X  28-55, 


or 


29-92 

If  the  pressure  is  read  oflF  in  millimetres,  the  number  760  is  every- 
where substituted  for  29*92 ;  or  if  the  readings  are  in  millimetres 
and  the  speed  in  metres  per  second  is  required  to  be  known,  the 
constant  28*55  is  converted -into  another,  according  to  the  formula 

-- — =  X  28*55  =  1*727 ; 
\/25*4 

so  that  the  formula  for  t/  and  /?'  in  metrical  measures  will  read 
t/  =  1*727  v//A 

A  correction  for  the  expansion  and  contraction  of  the  ether  in 
the  instrument  itself  is  mostly  unnecessary,  since  it  is  only  exposed 
to  the  ordinary  temperature ;  it  amounts  to  about  1  per  cent,  of 
the  speeds  shown  in  the  Table  for  each  10°  F.  ( =  5*55°  C.)  deviation 
from  60°  F., — more  for  temperatures  below,  less  for  temperatures 
above  (Xf  F. 

In  order  to  make  the  readings  more  exact,  first  the  height  of 
ether  in  one  of  the  limbs  is  noticed,  then  the  current  is  reversed 
by  connecting  the  tube  e  with  a  and  /with  a'  (fig.  157) ;  another 
reading  is  made ;  and  thus  twice  the  difierence  of  pressure  caused 
by  the  suction  at/  is  found.     The  figure  thus  found  is  read  ofiE  in 
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Table  I.  and  corrected  for  temperature  by  Table  II.     To  take  an 
iDstancG,  let  the  first  readiug  be  l'03d,  aod  the  second  reading, 


after  reversing  the  current,  08(il,  tlie  difference  will  be  0'178. 
On  referring  to  Table  I.,  the  speed  12'05  feet  per  second  will  be 
found.  This,  however,  is  only  true  if  the  temperature  of  the  air 
is  60°  F.  Should  it  in  the  case  in  question  be  520°  F.,  Table  II. 
gives  the  correcting  multiplier,  07280.  This,  multiplied  by  1205, 
is  8773,  the  true  speed  of  the  current  if  measured  at  the  tempera- 
ture of  60°  F. 

This  instrument  is  not  influenced  by  soot,  heat,  or  corrosive 
vapours ;  it  can  be  placed  at  some  distance  from  the  flue  to  be 
tested,  if  longer  clastic  tubing  be  used ;  and  it  can,  of  course,  be 
employed  both  for  aspiratiug  and  for  pressure  currents  (fan-blasts 
&c,),  and  as  a  measure  for  the  speed  of  atmospheric  currents. 

To  be  sure,  like  every  other  anemometer,  Fletcher's  only  indi- 
cates the  pressure  at  the  place  occupied  by  its  receiving  portion; 
and  accordingly  the  tubes  e  and /must  be  introduced  so  far  as  to 
reach  into  the  air-current  to  the  extent  of  about  one  sixth  of  the 
diameter  of  the  flue.  The  velocity  at  this  place  is  assumed  to  be 
nearly  equal  to  the  average ;  but  this  is  very  doubtful,  and  there 
are  no  means  at  present  known  of  measuring  the  absolute  quan- 
tities of  air  passing  through  a  flue  of  any  considerable  sectional 
area  with  any  degree  of  certainty. 
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Table  I. — Showing  the  Speed  of  Currents  of  Air  as  indicated  by  the 

Ether  Anemometer. 

v=  \//?x  28*55. 
Temperature  60°  Fahr.     Barometer  29*92  inches. 


Manometer 
reading. 

Speed  of  air. 

Manometer 
reading. 

Speed  of  air. 

Manometer 
reading. 

Speed  of  air. 

in. 

ft.  per  sec. 

in. 

ft.  per  SCO. 
6-189 

in. 

ft.  per  Bee 

0001 

o-9a3 

0-047 

0-093 

8-707 

0-002 

1-277 

0-048 

6-255 

0-094 

8-754 

0-003 

1-564 

0-049 

6-320 

0095 

8-800 

0-004 

1-806 

0-050 

6-384 

0096 

8-846 

o-oa5 

2-019 

0051 

6-448 

0-097 

8-892 

0006 

2-212 

0-052 

6-510 

0-098 

8938 

0-007 

2-389 

'      0-053 

6-572 

0-099 

8-983 

0-008 

2-554 

0054 

6-634 

0100 

9-028 

0-009 

2-709 

0055 

6-695        i 

0-102 

9-118 

OOIO 

2-8r>6 

0-056 

6-756 

O-lOi 

9-207 

0-011 

2-994 

0057 

6-816 

0-106 

9295 

0-012 

3127 

0-058 

6-876 

0-108 

9-383 

0O13 

3-255 

0-059 

6-935 

0-110 

9-469 

0-014 

3-378 

0-OlW 

6-993 

0112 

9-554 

0015 

3-497 

0-0<U 

7051 

0-114 

9r»39 

0016 

3-012 

0-0G2 

7-109 

0-116 

9-724 

0-017 

3-723 

0-063 

7-166 

0118 

9-808 

0018 

3830 

0-0('»4 

7-223 

0120 

9891 

0-019 

3-935 

0065 

7-279 

0-122 

9-972 

0020 

4-038 

OCXMJ 

7-335 

0-124 

10-053 

0-021 

4-137 

0-0<^7 

7-390 

0-126 

10-13 

0-022 

4-235 

0-0<J8 

7-445 

0-128 

10-21 

0-023 

4-330 

0-069 

7-rKX) 

0130 

10-29 

0024 

4-423 

0-070 

7-554 

0-132 

10-37 

0-025 

4-514 

Oi)71 

7008 

0134 

10-45 

002(> 

4004 

0-072 

7mi 

0-136 

10-53 

0027 

4-091 

0-073 

7-713 

0-138 

10-60 

0028 

4-777 

0074 

7-766 

0-140 

10-68 

0-029 

4-8<52 

'      0-075 

7-819 

0142 

10-76 

0-a30 

4-945 

0-076 

7-871 

0-144 

10-83 

0031 

6-027 

0077 

7-9-22 

0-146 

10-91 

0032 

5107 

0078 

7-974 

0-148 

10-98 

0033 

5-187 

0079 

8-025 

0-150 

11-06 

00^ 

5-265 

i      0-080 

8-076 

1      0-152 

11-13 

0035 

5-342 

0081 

8-125 

0154 

11-20 

0036 

5-418 

1      0-082 

8-175 

0-156 

11-27 

0037 

5-492 

'      0-083 

82-25 

0-158 

11-34 

0038 

5-565 

0-084 

8-275 

0-160 

11-42 

0039 

5638 

0-085 

8-324 

0-162 

11-49 

0040 

5-710 

0-086 

8-373 

0-lW 

11-66 

0-(Ml 

5-781 

0-087 

8-421 

016('> 

11-63 

0-042 

5-851 

0-088 

8-4<59 

0-168 

11-70 

0-043 

5-921 

0089 

8-517 

0-170 

11-77 

0-044 

5-989 

0-090 

8-565 

0-172 

11-84 

0(H5 

605(^ 

0091 

8-613 

0-174 

11-91 

0046 

6-123 

0-092 

8-660 

0176 

11-98 

z 
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Table  I.  (continued) . 


reading. 

,^.,^r. 

Manometer 
readiDg. 

Si)eedofsir. 

reading. 

Speed  of  air. 

in. 
0178 

12-0.'i 

0284 

itwrwc. 
15-23 

id. 
0-300 

Itperaec 
t7S3 

0-180 

1211 

0-286 

1528 

0  392 

17-88 

0183 

1218 

0-288 

15-33 

0-394 

17fl3 

Ol&t 

l-i-26 

0-2110 

15-38 

0-396 

17-98 

0-iefl 

1231 

0202 

15-44 

0-308 

18-03 

0-188 

1238 

02W 

1649 

0-WO 

18-06 

o-ioo 

12-45 

0-206 

15  54 

0-403 

18-11 

0-193 

1251 

0-203 

15-59 

0-404 

18-16 

O'l&l 

12-67 

O-300 

156i 

0406 

18-20 

0-IQll 

12-6* 

0-303 

15-70 

0-408 

18-24 

0-108 

12-71 

0-304 

1575 

0-410 

18-28 

0-200 

12-77 

0-306 

15-80 

0-413 

1833 

o-2oa 

12-83 

0-308 

15-85 

0^14 

18-38 

0-2M 

12'J0 

0-310 

15-90 

0416 

18-43 

020(S 

121W 

0-312 

15-05 

0-418 

13-46 

»2oa 

1303 

0-314 

lft-00 

0-420 

1850 

0-JIO 

13-08 

0316 

16-05 

0-423 

18-55 

0213 

13-15 

0-318 

1810 

0424 

18-80 

0214 

1321 

0-320 

in-15 

0-420 

18-61 

0'21« 

13-27 

0322 

10-30 

0-428 

18*8 

0-218 

13-33 

0-324 

1825 

0-430 

1872 

0-230 

13-30 

0-3-26 

1630 

0-433 

1877 

0-222 

13-45 

0328 

16-35 

0-434 

18-82 

0-224 

13-ftl 

O330  . 

16-40 

0436 

1886 

0-22n 

13-57 

0332 

16-45 

0-438 

18W 

0-228 

13-113 

0-334 

16-50 

fr4W 

18-94 

0-230 

1370 

0-336 

1655 

0442 

IBIifl 

0-232 

1378 

0-338 

IftiW 

0-444 

10<13 

0214 

1382 

0340 

l«-65 

0446 

10-07 

0-236 

13-88 

0W3 

16-70 

0448 

1911 

0-233 

13-04 

0-344 

1675 

0-450 

1915 

13-W 

0346 

16-80 

0-453 

1920 

UOS 

0-318 

16-85 

0-454 

10-34 

1411 

0-350 

1689 

0-4,50 

10-28 

oata 

1417 

0-352 

low 

0-458 

lU-32 

0-249 

14-23 

0-354 

1600 

0-460 

10-36 

0-250 

14-28 

0-356 

1704 

0-462 

1941 

0-252 

14-34 

o-ana 

17-09 

0^64 

19-46 

0-2M 

14-40 

0360 

17-13 

11-466 

19-49 

o-2n« 

14-45 

0-3(i2 

17-18 

fr468 

1053 

0-258 

14'f>0 

0-364 

17-23 

0-470 

1957 

0-260 

14-56 

0-366 

17-28 

0-472 

19-63 

0-263 

14-63 

0-368 

17-33 

0-474 

1966 

0-264 

1-1-63 

0-370 

17-37 

0476 

19-70 

oam 

1474 

0-372 

17-42 

0-478 

1974 

0268 

14-79 

0-374 

17-47 

0-480 

1978 

0-270 

1484 

0-376 

17-53 

0-483 

19-K3 

0-272 

14-lB 

0-378 

1756 

0-484 

1986 

0-274 

H-M 

0-380 

17-80 

0-486 

19-90 

0-276 

15-01 

0-382 

17-65 

0-488 

l9-&i 

0-273 

15-06 

0384 

1770 

0-490 

19-98 

0-280 

1511 

0-386 

17-75 

0-492 

201J3 

0-282 

1517 

0-388 

1779 

fr494 

20-06 
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Manometer 
readiug. 

Speed  of  air. 

'  Manometer 
reading. 

Speed  of  air. 

Manometer 
reading. 

S])ced  of  air. 

in. 

ft.  per  sec. 
5)10 

in. 

ft.  p^r  800. 
21-94 

in. 

ft  per  sec 
23-89 

0-496 

0500 

0-700 

0-408 

2014 

0-<500 

2212 

0-750 

24-73 

0-500 

20-18 

0-610 

2230 

0-800 

25-M 

0-510 

20-38 

0620 

22-48 

0-850 

26  32 

0-520 

20-58 

0()30 

22-66 

0-900 

27-08 

0-530 

20-78 

01MU 

22-84 

0-950 

27-83 

0-540 

2008 

o-a-)0 

2:j-02 

1-000 

28  55 

0550 

21-17 

0-6(K) 

23-20 

1-250 

31-lKJ 

o-aw 

2137 

0670 

23  38 

1-500 

34  97 

0-570 

2i-:»« 

0-6SI) 

23  55 

1-750 

37-77 

0-580 

21-75 

0600 

23-72 

2000 

40-37 

/   519 
Table  II. — Showing  the  Values  of  ^  ^^^     .  for  Values  of 

t  from  0  to  1000;  or  Corrections  for  Temperature. 


t. 

<, 

1 

t. 

/  619     i 

/   519 

/  519 

degrees 
Fahrenheit. 

\/  45y+i!' 

degrees 
.  Fahrenheit 

1 

V   459+if  1 

degrees 
Fahrenheit. 

\/  459+^' 

0 

i-o<m 

i;i0 

o-o;ws 

260 

0-&197 

6 

10577       1 

l;j5 

0-03i8 

2((5 

0-8467 

10 

10520 

140 

0-9309 

270 

0-8438 

15 

1-(M64 

14.5 

09-270 

275 

0-8409 

20 

1-0409 

150 

()-9-J32 

280 

0-8380 

25 

1-0355 

155 

0-0194 

285 

0-8:^52 

30 

10302 

\m 

09156 

290 

08324 

35 

1-0250 

165 

0-9119 

295 

0-8*29tJ 

40 

1-0I?)8 

170 

09083 

3<.K) 

082(59 

45 

1-0148 

175 

0  9O47 

3(»5 

0-8242 

50 

1-0098 

180 

0-9012 

310 

0-8215 

65 

1-0049 

185 

08t>77 

315 

0-8189 

60 

1-C)0<J0 

190 

081^3 

320 

0-81(J3 

65 

0-9952 

195 

08909 

325 

0-8137 

70 

0-9905 

200 

0-8875 

330 

0-8111 

75 

00858 

205 

0-8S41 

335 

0-8085 

80 

0-9812 

210 

0-8808 

340 

08060 

85 

0-9767 

215 

08776 

345 

0-8035 

90 

0-9723 

220 

0-8743 

350 

0-8010 

95 

O0<i70 

225 

0-8711 

355 

0-7985 

100 

0-0JV30 

230 

0-8680 

360 

0-7960 

105 

0-9593 

2;i5 

0-8649 

365 

07930 

110 

0-9551 

240 

0-8<a8 

370 

0-7912 

115 

0-9509 

245 

0-8587 

375 

0-7888 

120 

0-W68 

250 

08567 

380 

0-7866 

125 

09128 

256 

0-8527 

885 

0-7842 

s2 
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Table  II. 

continat^] 

', 

/-5ir 

', 

/Sir 

-. 

/"Fir 

degTEM 

Fahrenheit. 

\/m+e 

degree* 

'\/  VJJ+f 

J=„ 

■V  459+<- 

390 

0-7819 

595 

07017 

800 

O«420 

3U5 

0'77R« 

600 

0-7000 

i>m 

0-6407 

400 

0-77rt3 

605 

06983 

810 

0«J95 

*J5 

07741 

610 

069«7 

815 

0fl3S2 

410 

0-77211 

015 

O-fiUJl 

820 

06369 

415 

07707 

620 

U-6935 

825 

0-8357 

420 

0-TBfl5 

625 

0-8919 

830 

0-8345 

425 

0-7f»3 

«30 

06903 

835 

0-6333 

430 

o-7i;ii 

635 

0-(»«7 

810 

0-6321 

435 

0-7iil9 

WO 

OiW71 

845 

0«309 

440 

(1-7598 

645 

0-6856 

&'iO 

fr6297 

415 

07577 

650 

o^[l*4l 

855 

06285 

4r>o 

OTftVl 

655 

o^^826 

880 

06273 

455 

07535 

6110 

o+i-^ii 

883 

Pi(201 

460 

07514 

1165 

0-6796 

870 

06349 

4«5 

07494 

670 

0-6781 

8-5 

06237 

470 

07474 

675 

0«7(!6 

880 

06225 

475 

0-74M 

680 

0-6751 

885 

06214 

480 

0-7434 

085 

0-0730 

890 

0-6203 

485 

0-7414 

690 

Ofl72l 

895 

06193 

400 

«-73*J4 

695 

06700 

900 

0-6181 

4<.I5 

(1-7375 

700 

0-6(i91 

905 

06169 

nw 

073.% 

705 

0-6676 

910 

06158 

605 

07.137 

710 

0-6663 

915 

06147 

510 

0-7318 

715 

O-fWlS 

920 

06136 

515 

n-rm 

720 

06634 

925 

0612S 

620 

0-7280 

72.') 

0-6620 

930 

06114 

625 

072«1 

730 

Ofi606 

935 

06103 

630 

07243 

735 

0-6592 

940 

06092 

535 

07225 

740 

0-0578 

945 

06081 

540 

0-7207 

745 

O-O.'MW 

050 

06070 

545 

07189 

750 

O-RSi'S 

9.55 

0-6059 

650 

07171 

755 

0-(t.'>38 

960 

0-6018 

r>a5 

07153 

700 

0-6524 

U(5 

0-6037 

MtO 

07137 

765 

0-6511 

970 

0-6026 

stm 

07119 

770 

0U4'J8 

975 

06016 

670 

07102 

775 

0«185 

980 

06004 

575 

0-71)85 

780 

0*472 

985 

0-59&4 

580 

070(58 

78.5 

0-(H59 

090 

05984 

585 

0-7051 

790 

0-8446 

995 

0-5974 

590 

07034 

795 

0-6433 

1000 

0-6964 

Fletcher's  anemometer  has  been  improved  by  Swan  in  the  fol- 
lowing way.  In  lieu  of  the  4-inch  cylinders  he  takes  a  U-tube 
of  i  inch  diameter,  narrowed  in  the  bend  to  diminish  the  oscilla. 
tions.  The  tube  is  10  inches  long,  and  placed  with  an  inclination 
of  1  in  10;  each  limb  has  a  scale  and  vernier,  the  latter  partly 
made  of  glass  and  covering  at  the  same  time  the  scale  and  the 
tnhc,  BO  that  it  is  easy  to  read  off  to  yj^r  i°cl»-     l^e  ends  of  the 
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tube  are  connected  with  a  two-way  cock,  so  that  the  current  can 
be  reversed  without  opening  any  joint.     Kg.  158  shows  the  instru- 

Fig.  168. 


ment  as  seen  from  above,  so  that  its  inclination  to  the  vertical  line 
does  not  appear.  It  is  fixed  on  a  stand  provided  with  a  spirit-level 
and  adjusting-screws.  It  is  employed  just  like  Fletcher's  anemo- 
meter ;  but,  owing  to  the  inclination  of  1  in  10,  the  column  of  ether 
in  the  tube  occupies  ten  times  the  space  corresponding  to  its  height, 
and  the  reading  to  ^  J^j  inch  gives  thus  the  same  result  as  the  very 
difficult  one  to  joVu  ^^^^  ^^  Flctchcr^s  instrument.  The  narrow- 
ness of  the  tubes  does  not  matter  in  the  case  of  ether,  as  the  friction 
may  be  entirely  neglected  with  this  substance  (recently  Fletcher 
himself  has  come  back  to  ordinary  U-tubes,  giving  up  the  cylinders 
and  floats).  Swanks  anemometer  must  always  be  placed  exactly 
level  in  the  direction  of  its  length ;  but  it  need  not  be  levelled 
across,  if  a  reading  be  made  in  one  limb,  the  two-way  cock  turned, 
and  the  new  reading  in  the  same  limb  subtracted  from  the  first ; 
thus  it  is  unnecessary  to  read  oft*  at  both  limbs,  which  would  involve 
levelling  across  as  well.  The  speeds  arc  found  from  Fletcher's 
tabic,  dividing  the  readings  by  10. 

Other  instruments  for  measuring  the  draught  are,  for  instance, 
those  of  Krctz  (Dingl.  Journ.  cxc.  p.  16),  of  Bamsbottom  (ib. 
clxxx.  p.  334),  of  Scheurer-Kcstner  (ib.  ccvi.  p.  4-18  and  ccxxi. 
p.  427),  none  of  which  can  vie  with  Fletcher's  in  sensitiveness. 
The  very  ingenious  anemometer  of  Hurter  (Dingl.  Journ.  ccxxix. 
p.  IGO)  is  only  adapted  for  laboratory  use. 
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CHAPTER  IX. 


THE  CHAMBER-PROCESS. 


In  order  to  start  a  set  of  chambers,  first  of  all  its  bottom  must  be 
covered  with  acid.     This  is  absolutely  neecssary  when  the  sides  are 
not  burnt  to  the  bottom,  but  hang  loosely  down  into  its  upstand^ 
as  here  an  hydraulic  lute  is  required  to  keep  the  gas  within  the 
chamber.     Enough  liquid  for  the  sides  just  to  to  dip  into  it  is 
sufficient ;  for  as  the  lead  expands  on  the  cliamber  getting  warm, 
and  as  the  liquid  constantly  increases  by  condensation,  the  hydraulic 
lute  is  constantly  improving.     However,  for  reasons  to  be  stated 
hereafter,  it  will  l>e  preferred  to  make  the  depth  of  acid  as  great  as 
possible  from  the  outset.     Only  in  an  extreme  case  ought  water  to 
be  taken  for  luting  the  chamber ;  acid  should  rather  be  bought 
elsewhere  at  some  expense  to  avoid  this.     If  it  can  be  done,  the 
proper  thing  is  to  take  the  bottom-acid  at  once  about  90°  Tw. 
strong.     If  this  cannot  be  done,  this  strength  ought  at  least  to  be 
approached  as  nearly  as   possible.     The  reason  why   starting  a 
chamber  with  water  or  very  weak  acid  should  be  avoided  is,  that 
otherwise  the  vapour  of  nitric  acid  dissolves  in  the  bottom-liquid 
and  acts  upon  the  lead.    Even  if  all  the  nitric  acid  were  decomposed 
by  sulphurous  acid,  from  the  hyponitric  acid  in  contact  with  water 
nitric  acid  (along  with  nitrous  acid)  would  be  regenerated  and  the 
lead  acted  upon ;  and  nitrous  acid  itself  in  contact  with  water  de- 
composes with  formation  of  nitric  acid. 

Quite  apart  from  this  action  on  the  lead,  starting  the  cham- 
bers with  water  causes  great  loss  in  the  beginning,  because  the 
chamber.process  only  goes  on  properly  when  there  is  an  abundant 
quantity  of  pretty  strong  acid  at  the  bottom  of  the  chambers.  If 
the  sides  are  burnt  to  the  bottom,  it  is  even  preferable  to  start  a 
chamber  dry  to  starting  it  with  water;  but  otherwise  a  layer  of 
about  4  inches  of  acid  on  the  bottom  of  such  chambers  is  preferred. 
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Supposing  the  chambers  to  be  luted  with  acid^  and  the  burners 
to  be  heated  up  so  that  they  can  be  charged^  the  connexion  between 
them  and  the  chambers  is  made  and  the  burner-gas  allowed  to 
enter.  Of  course  sufficient  draught  is  given,  and  nitric  acid  ad- 
mitted at  once^  but  at  first  no  steam^  in  order  not  to  dilute  the 
bottom-acid  too  much.  The  nitric  acid  is  introduced  precisely  in 
the  same  way  as  later  on,  either  in  the  gaseous  or  liquid  form.  At 
first  about  three  or  four  times  as  much  is  put  in  as  is  necessary 
afterwards,  because  there  must  be  a  stock  of  nitre-gas  collected  in 
the  chambers,  which  afterwards  needs  only  to  be  renewed  so  far  as 
any  loss  is  sufiered.  Liquid  nitric  acid  can  be  introduced  much 
more  quickly  than  gaseous,  since  the  latter  depends  upon  the  heat 
of  the  burner-gas  working  the  nitre-oven ;  but  with  liquid  acid  the 
thing  must  not  be  overdone,  since  it  might  not  be  decomposed  on 
the  cascades  &c.,  and  arrive  as  such  at  the  bottom.  At  the  begin- 
ning from  12  to  15  parts  of  nitrate  of  soda,  or  a  corresponding 
quantity  of  nitric  acid,  will  be  employed  to  100  parts  of  sulphur ; 
and  this  will  be  continued  till  the  last  chamber  turns  yellow; 
then  the  quantity  is  gradually  diminished  till  the  proper  point  is 
reached. 

MacCuUoch  (Chem.  News,  xxvii.  p.  136)  prescribes  starting 
chambers  by  admitting  steam  and  nitre-gas  from  the  steam  column 
(comp.  the  next  Chapter)  for  five  or  six  hours  before  the  burner- 
gas  is  admitted.  In  that  case,  he  says,  the  chamber  works  well 
from  the  first,  and  in  one  instance  showed  acid  of  1*65  at  the  drips 
already  in  12  hours.  This  may  be  so ;  but  that  process,  wliile  saving 
a  little  time  and  possibly  a  little  nitre,  from  the  outset  detracts 
much  from  the  durability  of  the  chambers,  since  during  the 
five  or  six  hours  when  they  receive  only  steam  and  nitre-gas 
very  much  nitric  acid  must  condense,  and  whatever  is  gained 
by  the  drips  is  again  lost  by  the  previous  dilution  of  the  bottom- 
acid. 

As  soon  as  the  drips  and  test-plugs  prove  that  sulphuric  acid  is 
already  forming  in  the  chamber,  steam  is  admitted,  usually  on  the 
second  day,  but  at  first  with  much  caution.  Then  all  the  factors 
of  vitriol-making  are  at  work,  and  the  same  rules  are  now  valid  as 
for  the  ordinary  process.  If  every  thing  is  in  proper  order,  and  if 
plenty  of  nitre  is  used  (none  of  which,  with  a  Oay-Lussac  tower, 
is  lost),  a  chamber  may  be  in  regular  working  order  on  the  fourth, 
sometimes  even  on  the  third  day  after  starting. 


344  SULPHURIC  ACID. 

The  object  of  a  reffular  chamber-process  is  of  course  this : — to 
make  from  a  given  quantity  of  brimstone  or  pyrites  the  greatest 
possible  quantity  of  sulphuric  acid  with  the  smallest  possible  con- 
sumption of  nitre.  We  may  add  at  once,  as  less  decisive,  but  still 
of  importance,  to  make  the  chamber-acid  as  strong  as  is  compatible 
with  the  two  conditions  just  stated  and  with  a  saving  of  the  chamber- 
lead.  In  order  to  attain  that  object,  the  attention  of  the  chamber- 
manager  must  be  directed  to  many  points,  some  of  which  have 
already  been  treated  of  in  detail,  whilst  others  must  be  enlai^ed 
upon  here. 

1st.  Complete  Combustion  of  the  Sulphur-ore, — This,  with  brim- 
stone, follows  as  a  matter  of  course ;  with  pyrites  it  is  much  more 
difficult  (compare  about  this  p.  172  et  seq,). 

2nd.  Proper  Composition  of  the  Burner-gas, — This  also  has  been 
treated  of  in  the  7th  Chapter  j  and  we  will  here  merely  repeat  that 
the  proper  composition  of  the  bumcr-gas  almost  entirely  depends 
upon  the  proper  regulation  of  the  draught.  We  have  already  seen 
(p.  179)  that,  apart  jfrom  chemical  analysis,  there  are  practical  tests 
to  show  at  the  burners  whether  the  draught  is  right  or  not.  But 
at  the  chambers  themselves  this  must  equally  be  looked  to,  by 
^eans  of  the  man-lids  in  the  top,  or  the  test-plugs  (p.  301),  or  by 
manometers  or  anemometers  (pp.  301  and  322) .  Generally,  the 
following  rules  can  be  laid  down  : — 

In  a  set  of  three  chambers  the  first  chamber  should  show  an  out- 
ward pressure,  and,  accordingly,  the  gas  should  issue  in  force  when- 
ever a  plug  is  opened.  In  the  middle  chamber  the  gas  should  be 
pretty  nearly  in  equilibrium  with  the  outer  air ;  in  any  case  there 
should  be  rather  a  little  outward  pressure  than  any  inward  suction. 
In  the  last  chamber  there  should  be  some,  but  very  little,  inward 
suction ;  and  behind  it,  but  before  the  damper,  the  suction  should 
be  very  perceptible.  Knapp  compares  the  chambers  to  a  lake 
traversed  by  a  river:  the  speed  of  current  at  its  inlet  is  dimi- 
nished in  the  interior  of  the  wide  basin  to  an  insensible  point; 
but  at  the  outlet  in  the  narrow  draught-pipe  it  again  comes  out 
with  the  same  strength  as  at  first.  Payen's  'Precis'  (i.  p.  318) 
states  the  speed  of  the  gas  within  the  chambers  to  be  8  to  10  inches 
per  minute. 

Generally,  it  may  be  said  that  the  draught  must  be  sufficient  to 
obtain  a  proper  working  of  the  burners  and  proper  composition  of 
the  gas,  but  no  more  than  this.    In  England  this  has  nearly  always 
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(down  to  the  most  recent  period  at  least)  been  observed  merely  by 
practical  indications^  in  Germany  quite  as  generally  by  gas-analysis ; 
and  the  rule  given  can  here  be  stated  more  precisely  in  this  form : — 
There  is  so  much  draught  given  that  the  burner-gas  from  brimstone 
approaches  a  percentage  of  11  percent.,  that  fi'om  pyrites  8*5 
per  cent.  SO^^  as  far  as  circumstances  permit,  and  that  the  gas 
issuing  at  the  end  still  contains  5  or,  better,  6  per  cent,  of 
oxygen. 

Too  much  draught  causes,  with  brimstone,  a  sublimation  of  the 
same ;  with  pyrites  also  too  rapid  a  combustion,  and  consequently 
a  formation  of  scars.  If  very  high,  it  produces  cooling  by  the  inert 
excess  of  air,  also  poor  gas,  defective  utilization  of  the  chamber- 
space,  aspiration  of  air  through  all  chinks  of  the  chambers^ 
carrying  away  of  sulphurous  acid  and  of  nitrogen  oxides. 

Insufficient  draught  causes  the  burners  to  become  too  hot,  the 
formation  of  scars,  incomplete  burning  of  the  ore  (and  consequently 
again  poor  gas),  blowing  out  of  the  burners,  connecting-pipes,  and 
chambers  from  all  crevices  (especially  when  any  working-doors  are 
opened) ,  insufficient  oxidation  of  sulphurous  acid  within  the  cham- 
bers, and  escape  of  nitre-gas  because  the  oxygen  for  forming  absorb- 
able nitrogen  oxides  is  not  present. 

Either  causes  (as  a  consequence  of  the  above)  a  bad  yield  of  vitriol, 
large  consumption  of  nitre,  escape  of  sulphurous  acid  into  the  air. 
Further  proof  is  not  required  to  show  the  importance  of  regulating 
the  draught  as  accurately  as  possible. 

In  the  case  of  poor  ores,  and  those  the  sulphur  of  which  is  not 
readily  given  off,  also  in  the  case  of  burners  admitting  too  much 
false  air,  such  as  the  old  Belgian  burners,  too  much  air  gets  into 
the  chambers,  and  the  yield  is  consequently  always  very  bad.  At 
Oker,  for  instance,  in  1859,  from  a  50-per-cent.  pyrites  only  100 
instead  of  300  per  cent,  of  strong  vitriol  was  obtained,  with  a 
consumption  of  14*1  parts  of  nitre  to  100  sulphur  (Knocke,  in 
Wagner's  Jahrcsb.  1859,  p.  1 18) ;  and  the  Belgian  Commission 
states,  for  the  four  works  examined,  the  yield  =s2-42,  237, 259,  and 
238  parts,  instead  of  306  as  required  by  theory.  They  were  able 
to  detect  in  the  escaping  gas  0*38  to  1*26  per  cent,  of  sulphurous 
acid,  and  11*7  to  17*4  per  cent,  of  free  oxygen. 

The  regulation  of  the  steam  is  one  of  the  most  important  parts  of 
chamber-management,  and  should  always  be  taken  in  hand  by  the 
superintendent  himself,  especially  if  the  tension  in  the  steam-boiler 


846 

is  kept  nearlr  equal :  of  comie  a  R^jstering  fteam-gmnge  (p.  S21) 
affords  moch  greater  secontT.  The  round  of  the  diambera  shovild 
be  made  two  or  three  tones  a  daj ;  at  some  vorks  h  is  made  once 
ererj  other  hoar.  The  indicator  for  the  admission  of  steam  is  the 
strength  of  acid  from  the  drips  p.  299  y  and  that  of  the  bottom-acid, 
taken  from  the  place  where  it  is  strongest  'that  is,  jost  opposite 
to  the  inlet  from  the  next  chamber).  The  two  are  nerer  identical ; 
the  drip-acid  is  always  sereral  degrees  stronger  than  the  bottmn- 
acid,  bot  mostlj  in  about  the  same  proportion.  The  steam  ofoght 
to  be  regnlated  so  that  the  boctom-acid  in  the  first  chamber  does 
not  exceed  124-  Tw.  in  strength ;  12S^  is  too  mnch.  Below  12GP 
it  is  not  necessary  to  go,  although  it  was  formerlj  qnite  general 
in  continental  works,  and  is  still  a  Terr  common  role,  especially  in 
German  works,  not  to  make  the  acid  in  the  '^  large  chamber " 
stronger  than  106P,  or  at  most  lia^  Tw.  The  ''  large  chamber'' 
corresponds  to  the  first  chamber  of  the  English  system,  which 
likewise  receives  all  the  acid  made  br  all  the  other  chambers,  and  in 
which  also  by  far  the  largest  portion  of  the  acid-making  process  is 
going  on,  eren  when  it  is  followed  by  sereral  other  chambers.  It 
therefore  requires  much  more  steam  than  the  others.  If  a  Glorer 
tower  is  present,  it  also  receives  all  the  steam  generated  in  this ;  but 
it  requires  in  every  case  a  separate  steam-jet,  aboat  whose  introduc- 
tion p.  322  should  be  compared.  It  has  been  proved  by  manifold 
and  long  experience  that  the  process  goes  on  quite  normally,  and 
a  maximum  of  acid  is  made,  and  that  also  the  chamber-acid  retains 
no  nitrogen  compounds,  if  the  strength  in  the  first  chamber  does 
not  exceed  124^  Tw.  It  may  be  said  that  the  continental  usage  <^ 
making  the  acid  only  106°  to  113^  Tw.  means  simply  a  waste  <^ 
steam  and  a  greater  tax  upon  the  concentrating-apparatus,  without 
any  advantage  to  make  up  for  this. 

The  dr^  in  the  first  chamber  ought  generally  not  to  exceed  1S2^ 
to  136°;  but  even  144°  is  sometimes  reached  without  any  harm  to 
the  yield  or  to  the  chambers. 

P.  W.  Hofmann  has  proposed  a  very  different  procedure  from 
the  usual  one  (Deutsch.  chem.  Ges.  Ber.  iii.  p.  5),  based  upon  the 
fact  that  sulphurous  acid  conducted  into  sulphuric  acid  of  1*70  con- 
taining much  nitric  acid  forms  '^ chamber-crystals '*  (SO^OH .  NO,), 
but  no  nitrous  oxide  (N^O) ;  but  in  the  case  of  more  dilute  add, 
say  of  1*50,  much  N^O  is  formed.  Hofmann  explains  this  (some- 
what doubtfol)  fact  thus,  that  in  the  latter  case  no  conoentrafted 
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vitriol  is  present  which  could  form  chamber-crystals.  He  conse- 
quently in  his  first  chamber  (which  was  only  a  tambour  of  3500 
cub.  feet  capacity)  diminished  the  steam  to  such  an  extent  that  only 
vitriol  of  1'7  was  produced ;  and  he  found  that  now  much  less  nitre 
was  required  for  the  same  weight  of  vitriol.  By  always  bringing 
up  the  strength  of  the  chamber-acid  to  1*7  when  it  had  fallen  below 
this,  by  means  of  acid  of  170°  Tw.,  he  obtained  a  saving  of  1  lb.  of 
nitric  acid  to  100  lb.  of  sulphur. 

Of  course  in  this  case  the  strong  nitrous  vitriol  was  not  drawn  off 
for  use,  but  run  into  the  next  weaker  chamber,  where  it  gave  up 
its  nitre  on  dilution  (Spence,  Chem.  News,  xxi.p.  132;  Uofinann^ 
ibid.  p.  164).  Spence  proposed  as  an  improvement  (ibid.  p.  189) 
rather  to  keep  the  second  and  third  chamber  at  a  strength  of  1*715, 
in  order  to  condense  the  nitre-gas  by  Hofmann's  plan,  and  to  run 
the  vitriol  charged  with  nitre  to  the  first  chamber,  which  is  amply 
supplied  with  steam,  and  where  the  nitre  would  again  be  given  off 
for  further  utilization.  Tliis,  no  doubt,  is  the  most  rational  way  of 
carrying  out  Hofmann's  proposal ;  but  it  never  seems  to  have  struck 
Spence  that  in  this  way  his  second  and  third  chambers  were  simply 
used  in  lieu  of  a  6ay-Lussac  tower,  his  first  in  lieu  of  a  denitra- 
ting  apparatus,  thus  losing  active  chamber-space  without  attaining 
any  thing  like  the  saving  of  nitre  possible  with  proper  apparatus. 
Spence  mentions  that  by  his  plan  he  only  used  60  cwt.  of  nitre  per 
week  in  lieu  of  82  cwt. ;  but  from  his  own  figures  Hewett  proves 
(Chem.  News,  xxi.  p.  200)  that  he  formerly  had  used  the  enormous 
quantity  of  12  per  cent,  of  nitre  to  the  sulphur,  and  that  thus  even 
the  crude  system  of  nitre-recovery  inlierent  in  his  plan  could  not 
but  efftct  a  certain  saving.  Spence  himself,  later  on  (ibid.  p.  224), 
expresses  himself  very  doubtfully  about  the  value  of  Hofmann's 
plan ;  and  nothing  further  has  been  heard  of  it. 

The  injurious  action  upon  the  lead  apprehended  by  Gibbins  (ibid, 
p.  132)  is  contradicted  by  Hofmann  (ibid.  p.  164).  So  long  as  it 
is  not  known  with  what  positive  consumption  of  nitre  and  what 
yield  of  vitriol  Hofmann  has  been  working,  nothing  can  be  made 
of  the  alleged  saving  of  1  per  cent,  of  nitre.  Since  the  general 
introduction  of  Gay-Lussac  and  Glover  towers  his  plan,  anyhow, 
has  lost  any  importance  it  may  have  possessed. 

The  acid  in  the  second  chamber  of  a  set,  or  the  middle  portion  of  a 
large  single  chamber,  ought  not  to  be  much  weaker  than  that  in  the 
first  chamber,  if  a  Gay-Lussac  tower  is  present.    In  a  set  of  three 
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chambers  the  second  should^  on  an  aTcrage^  show  116^  Tw. ;  with 
four  chambers  120°  may  be  assumed  for  the  second,  and  113°  Tw. 
for  the  third.  If,  however,  no  nitre-recovery  is  practised,  the 
middle  chambers  of  a  set  average  only  77^  to  90°  Tw.  The  steam 
is  regulated  accordingly.  The  drips  will  show  from  10°  to  15°Tw. 
more  than  the  bottom-acid. 

The  strength  of  the  acid  in  the  last  chamber,  or  the  last  portion 
of  a  single  chamber,  differs  even  to  a  greater  extent,  according  to 
whether  the  work  is  done  with  or  without  a  Gay-Lussac  tower.  In 
the  former  case  the  rule  can  be  laid  down  that  this  chamber  ought 
not  to  fall  below  106°  Tw.  A  few  degrees  less  do  not  do  any  great 
harm ;  but  it  is  always  best  to  go  up  to  that  strength,  since  the  gas 
ought  to  enter  the  tower  as  cool  and  dry  as  possible.  If  the  strength 
falls  below  78°,  or  at  most  to  70°,  the  chamber-acid  begins  to  contain 
much  nitric  acid  instead  of  nitrous  acid ;  and  there  is  then  danger 
for  the  lead.  Sometimes,  for  fear  of  this,  acid  is  pumped  into  the 
last  chamber  from  the  first.  In  the  absence  of  a  Gav-Lussac  tower, 
where  there  is  little  nitre  in  the  last  chamber,  the  strength  of  the  acid 
is  allowed  to  fall  to  52°,  in  some  works  even  to  42°  or  even  32°  Tw. 
This  is  done  in  order  to  keep  the  nitrogen  oxides  back  as  nitric 
acid,  but  with  evident  danger  to  the  chamber-lead.  For  this  reason 
some  manufacturers,  even  without  a  Gay-Lussac  tower,  keep  the 
last  chamber  stronger,  from  77"^  to  106°  Tw.  In  the  south  of 
Prance  the  usual  strength  is  72°  to  77^  Tw.  (Favre,  Monit.  Scientif. 
1876,  p.  273) . 

We  have  already  calculated  the  absolute  quantity  of  steam  which 
has  to  be  generated  for  chamber- work  (p.  324).  We  have  seen 
that,  in  order  to  form  chamber-acid,  we  must  introduce  steam  to 
the  amount  of  about  two  and  a  half  times  the  weight  of  sulphur  in 
the  pyrites.  The  question  is  now,  how  much  of  this  in  the  atmo- 
sphere of  the  chamber  can  exist  as  vapour,  and  how  much  must  be 
condensed  to  liquid  water,  since  it  is  of  great  importance  that  no 
real  precipitation  of  water,  as  such,  should  take  place,  which  would 
condense  nitric  acid  and  dilute  the  vitriol.    In  the  formula  (p.  236), 

^;_(273  +  /)Vx760, 

273  (A-c) 

e  signifies  the  tension  of  vapour  at  the  temperature  f  C.  Now  we 
have  seen  before  (p.  236)  that  for  each  kilog.  of  sulphur  burnt 
6199  litres  of  air,  at  0°  and  760  millims.  tension,  whose  volume  is 
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not  changed  by  the  formation  of  sulphurous  acid,  has  to  be  intro- 
duced into  the  chambers.  At  a  temperature  of  50°  C.  the  tension 
of  watery  vapour  is  equal  to  92  millims.  mercury ;  and  by  intro- 
ducing these  values  into  the  above  formula  we  get 

(273  +  50)6199.760    „o  .=  ,:,^ 
~  273T760-92) ^"^  ^'*'^' 

which  are  filled  with  aqueous  vapour  of  92  millims.  and  gas  of 
668  millims.  tension.  Now  1  litre  of  aqueous  vapour  at  0°  and 
760  millims.  tension  weighs  0804343  gram,  and  at  5QP  and 
92  millims.  tension  it  must  be 

From  the  proportion  97739 : 0804343  :: 8345  : x  we  have 

j7= 686*8  grams. 

Accordingly  the  steam  which  the  gas  introduced  for  each  kilog. 
of  sulphur,  occupying  at  50°  and  760  millims.  tension  a  volume  of 
8315  litres,  can  hold  as  such,  only  amounts  to  0*6868  kilog.,  whilst 
the  total  amount  of  water  needed  is  2*5  kilog.,  or  nearly  four  times 
as  much.  The  three  fourths  of  the  total  amount  of  steam  intro- 
duced into  the  chambers  must  accordingly  be  condensed  to  water 
in  the  atmosphere  of  the  chamber ;  but  this  is  not  done  at  once  in  the 
form  of  drops,  but  in  tliat  of  a  fine  mist  spreading  all  over  the 
chamber,  and  probably  assisting  in  this  state  the  process  of  forma- 
tion of  sulphuric  acid.  It  is  not  known  what  quantity  of  water 
can  exist  in  such  a  state  of  mist  suspended  in  the  gas. 

If  the  chambers  receive  too  much  steam,  the  acid  in  them  is  di- 
luted too  much  to  begin  with.  But  in  the  first  and  second  chamber 
a  more  serious  drawback  follows :  the  nitrogen  acids  are  mostly 
withdrawn  from  the  atmosphere  of  the  chamber,  and  are  precipitated 
in  a  liquid  form  upon  the  chambcr-Ao//om,  where  they  can  very  little 
assist  the  acid-forming  process,  and,  moreover,  act  upon  the  lead. 
So  long  as  the  bottom-acid  is  pretty  strong  (say,  up  to  90°),  it  will 
not  long  keep  the  nitric  acid,  but  again  give  it  off  as  lower  nitrogen 
oxides  by  the  action  of  sulphurous  acid ;  but  if  the  excessive  supply 
of  steam  continues,  it  will  soon  keep  the  nitric  acid  back ;  and  as 
the  process  is  thereby  disturbed,  even  the  steam  which  should  have 


850  SULPHURIC  ACID. 

been  used  up  in  the  fonnation  of  sulphuric  acid  is  condensed  to 
water^  and  the  dilution  of  the  bottom-acid  thus  again  increased. 
If  this  state  has  once  set  in^  it  is  not  always  easily  remedied.  Cut- 
ting off  the  steam  is  not  sufficient;  much  more  nitre  must  be 
put  in  as  well ;  and  yet  the  bottom-acid  only  gradually  gets  up  to 
its  normal  strength.  In  the  mean  time  the  yield  falls  off,  the  con- 
sumption of  nitre  increases  very  much,  and  the  action  on  the 
chamber-lead  does  permanent  damage.  Thus  it  is  apparent  that 
an  excess  of  steam  does  very  much  harm ;  and  great  care  must 
be  taken  lest  the  strength  of  the  acid  should  go  down  below  the 
proper  amount.  The  chambers  soon  show  when  they  have  too 
much  steam  by  getting  pale.  A  pale  chamber  often  gets  red  again 
in  an  hour  after  the  supply  of  steam  has  been  partially  cut  off. 

An  excess  of  steam  has  another  injurious  consequence,  which  can 
only  be  explained  in  detail  when  treating  of  the  theory  of  the 
chamber-process,  viz.  the  formation  of  nitrous  oxide,  or  even  of 
nitrogen,  whilst  the  reduction  of  the  nitrogen-acids  ought  not  to 
go  beyond  nitric  oxide.  Neither  nitrous  oxide  nor  nitrogen  can  be 
reoxidizcd  to  nitrogen-acids ;  but  they  escape  with  the  other  gas, 
and  thus  cause  a  loss  of  nitre.  Their  formation  takes  place  accord- 
ing to  these  equations : — 

2  SOa+N203  +  2  H20=2  SOa(OH)a+N«0 ; 
8SOj  +  N«03+3  HjO=3S02(OH)j+2N. 

Nor  will  the  process  go  on  normally  if  the  chambers  receive  too 
little  steam.  Then  from  the  sulphuric  and  nitrous  acids  a  com- 
pound is  formed,  which  we  shall  afterwards  describe  in  detail,  for- 
merly known  as  '^chamber-crystals,'^  now  as  '^ nitrosulphonic 
acid,''  or  '^  nitrosyl  sulphate,"  of  the  formula 

according  to  this  reaction : — 

S08(0H)j  +  N0 .  0H  =  S02(0H)  (NOJ  +HOH. 

It  rarely  happens  in  actual  practice  that  there  is  so  little  water 
present  that  chamber-crystals  can  occur  in  the  solid  state ;  in  the 
connecting-pipes  this  happens  more  frequently.  But  a  solution  of 
the  same  may  very  easily  be  formed  in  the  bottom-acid  as  soon  as 
the  latter  becomes  too  strong.    With  the  strength  assumed  by  us 
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as  normal  for  the  first  chamber^  viz.  124^  Tw.^  the  acid  can  easily 
keep  chamber-crystals  in  solution^  and  show  the  reactions  of  nitrous 
acid ;  and  care  must  accordingly  be  taken  that  the  conditions  for 
the  formation  of  nitrosulphonic  acid  are  not  present  in  the  chamber- 
air.  For  this  it  is  essential  that  there  should  be  enough  water 
present^  best  of  all  as  steam.  In  this  case  nitrosulphonic  acid  is 
always  decomposed^  according  to  the  usual  explanation^  thus  : — 

S02(0H)  (NOa)  +Il20=S02(OH)j+NO  .OH. 

It  thus  does  not  get  into  the  bottom-acid  in  a  liquid  state.  When 
once^  however^  it  has  got  into  this^  a  much  larger  dilution  is  re- 
quired for  again  decomposing  the  compound  than  is  admissible  on 
other  grounds^  and  consequently  a  loss  of  nitre  will  be  sufiered  with 
the  vitriol  drawn  off  from  the  first  chamber  for  use.  Where  all  the 
chamber-acid  passes  through  the  Olover  tower  and  is  denitrated 
therC;  only  this  disadvantage  remains^  that  the  nitrous  acid  present 
in  a  solid  or  liquid  form  as  nitrosulphonic  acid  is  withdrawn  from 
the  chamber-process  until  this  compound  is  decomposed  by  turning 
on  more  steam. 

A  deficiency  of  steam  also  acts  in  this  way,  that  the  vitriol  be- 
comes too  concentrated,  and  may  thus  to  some  extent  act  upon  the 
lead.  So  long  as  the  strength  of  the  chamber-acid  does  not  exceed 
144°  (and  this  will  very  rarely  happen,  even  with  faulty  manage- 
ment), the  harm  is  not  much.  For  very  good  reasons,  the  last 
chamber,  if  a  Gay-Lussac  tower  is  present,  receives  very  little  steam, 
the  case  of  smaller  chambers  (tambours)  none  at  all.  But  this  may 
be  carried  too  far ;  and  then,  in  spite  of  the  dark-red  appearance  of 
the  chambers,  there  is  a  bad  yield  of  vitriol,  because  the  water  ne- 
cessary for  its  formation  is  missing,  and  S0<2  and  O  go  away  uncom- 
bined.  This  occurs  especially  when  the  chamber  appears  of  a 
very  clear,  transparent  red,  instead  of  being  somewhat  dim  and 
misty. 

On  the  whole,  it  is  evident  that  the  risks  run  by  a  deficiency  of 
steam  are  nothing  like  so  serious  as  those  arising  from  an  excess  of 
steam. 

The  supply  of  nitre  must  be  regulated  on  entirely  different  prin- 
ciples, according  to  whether  there  is  an  apparatus  for  the  recovery 
of  nitre  or  not.  In  the  latter  case  care  must  be  taken  not  to  have 
too  much  nitre-gas  in  the  last  chamber ;  for  every  thing  issuing 
from  it  is  a  total  loss.    Therefore  the  last  chamber  but  one  is  kept 
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strongly  yellow  or  red,  in  order  to  advance  the  acid-forming  pro- 
cess, but  the  last  chamber  only  faintly  yellow. 

The  bottom-acid  in  the  latter,  which  is  usually  kept  at  52°  Tw.,  or 
even  below,  will  partly  absorb  the  nitre-gas  as  nitric  acid,  and  there 
will  not  be  so  much  of  it  lost.  This  state  of  the  last  chamber  is 
attained  by  giving  it  much  steam ;  but  it  will  be  seen  at  once  that 
in  this  chamber  very  little  work  can  be  done  unless  a  very  large 
loss  of  nitre  is  suffered ;  for  only  if  the  latter  be  present  in  large 
quantity  will  the  oxidation  of  sulphurous  acid  go  on  all  through 
the  chamber.  Therefore  one  of  these  two  things  must  be  done : 
either  a  large  quantity  of  nitre  must  be  sacrificed  in  order  to  utilize 
the  last  chamber  (say,  12  per  cent,  of  the  sulphur,  or  four  times 
as  much  as  with  a  Gay-Lussac  tower),  or  the  last  chamber  is  prac- 
tically used  only  for  recovering  part  of  the  nitre ;  thus  actually  a 
third  or  a  fourth  of  the  chamber-space  is  sacrificed,  and  so  much 
less  sulphur  can  be  burnt  in  that  set.  For  all  that,  the  last 
chamber  is  not  merely  a  costly  but  also  a  very  ineflScient  apparatus 
for  recovering  the  nitre ;  even  if  used  as  such,  very  little  below  10 
per  cent.,  mostly  above  10  per  cent.,  of  nitre  to  the  sulphur  must 
be  employed  in  order  to  get  a  good  yield.  With  poor,  badly  burn- 
ing ores,  of  course,  even  more  nitre  is  consumed,  corresponding  to 
the  excess  of  air. 

These  considerations  will  make  it  evident  how  much  more  rational 
it  is  to  recover  the  nitre  by  a  proper  apparatus.  By  this  there  is  a 
saving  of  a  fourth,  up  to  a  third,  in  chamber-space,  at  least  one  of 
two  thirds  in  nitre,  and  mostly  also  better  yield,  because  up  to 
the  last  an  excess  of  nitrous  gas  is  present,  and  no  sulphurous  acid 
can  escape  oxidation  by  it.  In  this  way  any  escape  of  noxious 
vapours  is  also  much  more  completely  prevented.  The  construo- 
tion  of  the  nitre-recovery  apparatus,  and  every  thing  pertaining 
thereto,  will  be  described  in  the  next  Chapter.  Here  we  shall  only 
describe  the  way  of  managing  the  chambers  themselves  in  this  case. 
Supposing  the  set  to  consist  of  three  chambers  (the  reader  will  easily 
reduce  this  to  any  other  proportion  by  analogy),  the  first  cliamber 
into  which,  in  any  case,  both  the  gas  from  fresh  nitric  acid  and  that 
from  the  nitrous  vitriol  are  introduced,  whether  it  be  by  nitre-ovens, 
or  cascades,  or  Glover  towers,  or  steam-columns,  will  always  have  an 
excess  of  nitre-gas.  In  spite  of  this  the  characteristic  yellow  and 
red  colours  of  nitrous  and  hyponitric  acids  in  the  gaseous  state  will 
not  be  perceived  in  the  first  chamber,  both  because  the  8ulphuix>us 
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acid,  likewise  present  in  excess,  constantly  reduces  most  of  the 
nitrous  and  hyponitric  acids  to  colourless  nitric  oxide,  and  because 
the  formation  of  sulphuric  acid,  principally  going  on  in  this  chamber, 
generates  in  large  quantities  the  well-known  heavy  white  clouds. 
The  whole  atmosphere  of  the  chamber  is  filled  with  these,  and, 
owing  to  its  opacity,  its  colour  cannot  be  clearly  recognized.  In 
the  second  chamber  the  atmosphere  is  already  much  clearer ;  and 
as  ako  there  is  very  much  less  sulphurous  acid  present,  a  portion 
of  the  higher  nitrogen  oxides  will  be  perceived  by  their  peculiar 
colour.  There  is,  however,  still  so  much  sulphurous  acid  present, 
that  the  mixture  of  gases  in  the  second  chamber  will  only  show  a 
more  or  less  reddish  yellow. 

In  the  third  chamber,  however  (in  a  set  of  more  chambers,  in 
the  last — ^in  a  single  chamber,  in  its  last  portion),  the  nitre-gas 
should  largely  predominate.  There  ought  to  be  very  little  sul- 
phurous acid  here  ,*  and  before  the  gas  issues  out  of  the  chamber 
into  the  absorbing-tower,  the  sulphurous  acid  ought  to  be  entirely 
removed  from  it.  This  is  only  possible  by  a  large  excess  of  nitrogen 
acids;  and  as,  according  to  previous  explanations,  there  is  also  oxygen 
present  (5  to  6  per  cent,  by  volume),  that  excess  will  not  exist  as 
colourless  nitric  oxide,  but  as  nitrous  and  hyponitric  acids.  This 
is  proved  by  the  last  chamber  showing  a  dark-red  colour,  sometimes 
so  deep  as  to  be  opaque.  Even  in  the  much  shallower  layer  of  gas 
seen  in  the  '^  sight  ^^  of  the  pipe  leading  to  the  absorbing-tower, 
the  red  colour  ought  to  be  quite  decided.  Within  the  chamber  the 
red  ought  to  be  not  quite  transparent,  but  dimmed  by  a  mist  of 
water  (comp.  p.  351). 

The  colour  of  a  chamber  can  be  observed  by  opening  the  man-lids 
on  the  top  or  the  clay  plugs  in  its  side,  but  in  a  much  more  con- 
venient and  accurate  way  by  glass  windows  put  in  the  sides  of  the 
chamber  itself  (as  described,  p.  302).  As  soon  as  the  last  chamber 
gets  paler,  the  cause  of  this  must  be  sought  for.  It  may  be  that 
it  has  got  too  much  or  too  little  steam  or  too  little  nitre ;  but  it  is 
always  a  sign  that  something  is  wrong ;  and,  by  comparing  the 
other  symptoms,  especially  the  strength  and  the  nitrosity  of  the 
drips  and  bottom-acids,  the  special  cause  of  the  fault  must  be  got 
at.  When  the  last  chamber  becomes  quite  pale,  it  is  certain 
that  a  great  loss  is  suffered  by  sulphurous  acid  escaping  from  it ;  and 
the  latter,  on  its  way  through  the  Gay-Lussac  tower,  will  even  deni- 
trate  the  nitrous  vitriol  contained  in  the  latter,  and  cause  a  loss  of 
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nitre  in  the  shape  of  nitric  oxide  escaping  into  the  onter  air. 
Every  thing  most  therefore  be  done  to  avert  the  above  pheno- 
menon. 

Apart  from  the  colour,  the  gradual  diminution  of  sulphurons 
acid  and  increase  of  nitrogen  adds  in  the  chamber-gas  as  it  pro- 
ceeds on  its  way  can  be  perceived  from  other  signs,  such  as  the 
smell  and  the  chemical  analysis  of  the  gas.  The  judgment  by 
smell  is  so  much  more  uncertain  and  inexact  than  that  by  colour 
that  it  is  not  worth  while  to  enter  upon  it  in  detail.  A  chemical 
analysis  of  the  gas  would  certainly  permit  the  reaction  in  the  indi- 
vidual chambers  to  be  traced  with  ease  and  safety ;  but  this  plan 
is  not  usual,  and  even  the  best  continental  works  only  make 
two  gas-analyses — that  of  the  burner-gas  before  entering  the 
chambers,  and  that  of  the  gas  finally  leaving  the  apparatus  as  it 
issues  from  the  Gay-Lussac  tower.  It  would  give  some  little 
trouble  to  analyze  the  chamber-gas  between  as  well ;  nor  is  this 
necessary,  since  its  colour  gives  a  sufficient  indication  for  the  pur- 
pose in  question. 

Along  with  testing  the  chamber^acid  for  its  strength^  it  is  of 
great  importance  to  test  it  also  for  its  nitrosity  (percentage  of 
nitrogen  acids) ;  and  this  {orm%  a  necessary  complement  to  the 
observation  of  the  colour  of  the  chambers.  Under  normal  circum- 
stances the  percentages  of  nitrous  acid  (or  rather  of  nitrosyl  sul- 
phate) and  of  nitric  acid  in  the  chamber-acid  are  so  small  Uiat  its 
quantitative  estimation  by  the  usual  method  is  very  inaccurate, 
especially  because  a  number  of  impurities  interfere  with  the  accu- 
racy of  the  process.  In  practice,  however,  a  simple  and  momen- 
tarily made  colorimetrical  test  with  ferrous  sulphate  is  sufficient 
for  the  object  in  question. 

When  a  solution  of  ferrous  sulphate  is  poured  upon  the  drip- 
or  chamber-acid  contained  in  a  test-tube  so  that  the  liquids  are 
not  mixed,  a  yellow  ring  is  formed  at  the  point  of  contact,  if 
traces  of  the  higher  nitrogen  oxides  are  present.  With  more 
nitrogen  oxides  the  ring  becomes  darker;  with  still  more  the 
whole  ferrous  sulphate  solution  assumes  a  deep  brown  or  blade 
colour.  In  this  case  effervescence  readily  sets  in,  the  liquid 
getting  hot,  and  the  dissolved  nitric  oxide,  with  the  black  colouTi 
being  driven  off  by  the  heat.  With  some  practice,  and  always 
working  exactly  in  the  same  way,  it  is  quite  possible  to  get  a  good 
idea  of  the  percentage  of  nitre  in  the  chamber-acid  by  its  ap- 


THE  CHAMBER-PROCESS. 


855 


pearanee  under  the  above  conditions.  The  testing  for  a  set  of  four 
chambers  can  be  carried  out  in  this  way : — ^A  stand  containing 
eight  ordinary  test-tubes  of  5  inches  height  is  once  or,  preiferably, 
twice  a  day  taken  to  the  chambers,  and  the  tubes  filled  up  to 
about  4  inches  with  samples  of  the  drip-  and  bottom-acids  of  each 
chamber  j  at  the  same  time  the  strength  of  each  sample  is  taken 
by  the  hydrometer,  and  written  on  the  stand  at  the  bottom  of 
each  tube.  The  acid-samples  arc  then  tested,  at  any  convenient 
place,  by  carefully  pouring  on  to  each  about  a  half  inch  of  a 
concentrated  solution  of  ferrous  sulphate,  which  need  not  neces- 
sarily be  free  from  ferric  sulphate.  By  looking  at  the  colours 
produced  thereby,  in  their  succession  from  chamber  to  chamber, 
by  comparing  the  drips  and  bottom-acids,  looking  at  the  strengths 
marked  below,  and  taking  into  account  the  colour  of  the  chamber- 
gas  observed  through  the  windows,  a  tolerably  good  idea  of  the 
process  going  on  in  the  chambers  is  obtained.  This  certainly 
should  be  completed  by  an  estimation  of  the  sulphurous  acid 
in  the  burner-gas  and  of  oxygen  in  the  escape-gas,  and  also 
by  testing  the  nitrous  vitriol  &c.,  as  we  shall  sec  in  the  next 
Chapter. 

Kolb  (Bull.  Soe.  Mulh.  1872,  p.  309)  gives  a  few  analyses  of 
chamber-acids  confirming  what  has  just  been  said. 
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a,  acid  from  the  first  or  denitrating  tambour,  where  the  sulphu- 
rous acid  of  the  burner-gas  meets  the  acid  of  the  last  chamber  and 
the  Guy-Lussac  tower ;  b,  the  same  when  the  chambers  were  short 
of  nitre;  c,  acid  from  the  tambour  where  the  fresh  nitric  acid 
ran  over  the  *'  cascade "  (excess  of  nitre) ;  rf,  the  same,  short  of 
nitre ;  e,  acid  of  the  ^'  large  chamber ;''  /,  acid  of  the  last  cham-» 
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her,  nonnal  process ;  ^,  the  nme,  large  excess  of  nitiic  acid — 
liquid  green  and  nitroos ;  k^  the  same^  normal  process. 

The  following  rules  mar  be  laid  down  for  the  reactions  which 
the  Tarions  samples  of  acid  from  the  chambers  and  drips  ongb  to 
show.  GenerallT  speaking,  all  drips  ooght  to  show  more  nitre 
than  the  corresponding  chamber-acids.  The  former  represent  the 
process  going  on  in  the  atmosphere  of  the  chamber,  whilst  the 
latter  should  act  upon  the  nitre  br  their  greater  dilution,  and 
actuallj  do  so.  The  bottom-^cid  of  the  first  chamber  ought  not  to 
show  anr  nitre  whaterer ;  if  it  does  so,  it  is  a  strong  indication 
that  the  supply  may  be  shortened.  But  first  it  must  be  ascertained 
if,  on  the  other  hand,  the  drip  of  this  chamber  does  not  show  any 
nitre ;  for  in  this  case  it  is  proved  that  there  is  too  little  steam  in 
the  chamber,  and  that  consequently  the  nitrous  acid  has  been 
absorbed  by  the  chamber-acid.  Mostly  this  will  be  confirmed  by 
both  drip  and  bottom-acid  being  too  strong ;  and  then  more  steam 
must  be  given.  If,  however,  both  samples  from  the  first  chamber 
show  nitre,  some  of  the  latter  must  be  cut  oflT,  unless  the  supply 
has  just  been  increased  because  the  last  chambers  did  not  show 
enough  ;  in  this  case  the  supply  of  nitre  cannot  be  cut  down  till 
the  last  chambers  have  quite  recovered. 

Sometimes  the  first  chamber-acid  smeUs,  on  the  contrary,  of 
sulphurous  acid :  if  this  is  the  case  to  any  appreciable  extent,  nitre 
is  wanting. 

The  middle  chambers  ought  to  show  already  a  faint  reaction  of 
nitre  in  the  bottom  acid,  and  a  stronger  one  in  the  drips  ;  the  last, 
in  any  case,  a  moderately  strong  reaction  in  the  bottom-acid  and  a 
very  strong  one  in  the  drips.  In  this  case  also  a  deviation  firom 
the  rule  may  proceed  from  various  causes.  For  instance,  the  last 
chamber  may  be  pale,  and  yet  its  bottom-acid  may  give  a  strong 
nitre-reaction.  This  may  happen  both  if  there  is  too  much  and  if 
there  is  too  little  steam  in  this  chamber :  if  the  bottom-acid  is  too 
strong  owing  to  the  want  of  steam,  it  will  dissolve  too  much  nitre ; 
if,  however,  there  is  too  much  steam  present,  that  phenomenon 
will  take  place  which,  in  chambers  working  without  an  abaorbing- 
towcr,  is  purposely  caused :  nitric  acid  will  be  formed,  and  wiU 
dissolve  in  the  bottom  acid.  Both  faults  are  easily  avoided  if  the 
last  chamber  is  not  kept  weaker  than  90^  nor  stronger  than  HOP 
Tw. ;  but  sometimes  insufficient  draught  may  cause  that  fault  as 
well.    If,  on  the  contrary,  the  last  chamber  still  appears  red^  and 
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even  the  drips  still  show  nitre,  but  the  bottom-acid  none,  this 
is  an  indication  which  must  be  instantly  met  by  increasing  the 
supply  of  nitre ;  otherwise  the  chamber  itself  will  soon  become 
pale.  If  both  indications  coincide,  a  pale  chamber  and  a  ceasing 
or  weakening  of  the  nitre  in  the  drip,  this  might  still  come  from 
an  excess  of  steam;  but  rarely  will  it  be  so,  as  anyhow  that 
chamber  does  not  get  much  steam.  Three  other  explanations  offer 
themselves — too  little  draught,  too  much  draught,  or  too  little 
nitre.  Whether  the  draught  is  insuflScient  is  most  easily  tested 
by  estimating  the  oxygen  in  the  escape-gas;  whether  it  is  too 
large,  by  estimating  the  sulphurous  acid  in  the  burner-gas;  but 
in  the  case  of  very  leaky  chambers,  which  properly  ought  to  have 
been  stopped  already,  air  enters  directly  into  them,  as  is  proved 
by  the  oxygen  coming  out  too  high  in  the  escape-gas.  Where 
no  gas-analyses  are  made,  the  formerly  mentioned  external  indi- 
cations for  judging  of  the  draught  are  taken  into  account;  but 
these  are  far  more  deceptive  than  gas-analyses.  When  the 
draught  is  not  large  enough,  the  nitric  oxide  does  not  meet 
enough  oxygen  to  be  oxidized ;  it  is  colourless,  and,  owing  to  its 
insolubility  in  strong  vitriol,  is  altogether  lost.  This  will  be  re- 
cognized by  the  appearance  of  red  vapours  on  the  gas  issuing  out 
of  the  chimney,  where  the  nitric  oxide  is  oxidized  by  the  atmo- 
spheric oxygen,  whilst  the  chambers  themselves,  where  oxygen  is 
missing,  become  pale.  When  there  is  too  much  air  present,  the 
nitrogen  acids  are  carried  away  mechanically,  and  the  chambers 
equally  lose  their  colour ;  at  the  same  time  sulphurous  acid  goes 
away,  as  it  has  not  time  to  be  oxidized. 

Insufficient  formation  of  sulphuric  acid  in  the  chambers,  from 
other  causes,  such  as  want  of  nitre  or  entering  of  air  through 
chinks  in  the  chambers  and  mechanical  carrying-away  of  gas,  will 
frequently  react  upon  the  burners,  since  by  the  insufficient  con- 
densation of  gas  the  draught  from  the  burners  towards  the  cham- 
bers is  diminished.  Then  all  the  appearances  will  take  place  which 
are  caused  by  very  bad  draught  in  the  burners,  especially  incom- 
plete burning  and  formation  of  scars,  which,  again,  weakens  the 
draught.  In  this  case  as  much  nitre  as  possible  must  be  given,  in 
order  to  force  a  better  formation  of  sulphuric  acid ;  and,  if  neces- 
sary, even  the  burner-charges  must  be  diminished. 

But  if  the  last  chamber  becomes  pale,  the  draught  being  in 
order,  and  if  its  acid  shows  little  nitre,  it  is  just  the  want  of  the 
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latter,  and  more  of  it  must  be  introduced  till  tlie  normal  state  has 
been  restored.  This  will  be  confirmed  by  testing  the  nitrous  vitriol, 
which  will  no  doubt  show  a  diminution  of  its  nitre.  To  be  sure, 
often  several  circumstances  act  at  the  same  time,  and  make  the 
process  a  complicated  one.  If,  for  instance,  there  is  too  little 
draught,  so  that,  in  lieu  of  NjOj  and  N2O4,  only  NO  or  even  SOj 
get  into  the  absorbing-tower,  not  only  will  the  draught  have  to  be 
increased,  but  more  nitre  will  have  to  be  given  as  well,  in  order  to 
make  up  for  the  loss.  Just  in  the  same  way,  when  the  nitre-gas 
has  been  mechanically  carried  away  by  an  excess  of  draught  (in 
which  case,  owing  to  its  dilution,  the  Gay-Lussac  tower  cannot 
entirely  retain  it),  not  only  will  the  draught  have  to  be  moderated, 
but  more  nitre  will  have  to  be  introduced  tiQ  every  thing  is  in 
order  again. 

We  thus  sec  that,  in  nearly  every  case,  when  any  thing  goes 
wrong  in  the  acid-chambers,  an  increased  supply  of  nitre  is  at  least 
temporarily  necessary  in  order  to  restore  the  equilibrium,  although 
the  other  two  regulators,  steam  and  draught,  must  always  be  taken 
into  account  at  the  same  time ;  it  is  therefore  very  important  that 
the  possibility  be  afforded  of  temporarily  introducing  much  more 
nitre  into  the  chambers  than  is  necessary  in  ordinary  work ;  and 
every  factory  ought  to  possess  facilities  for  it.  If  this  should 
not  be  the  case  to  a  sufficient  extent,  and  if  without  danger  to  the 
chambers  it  is  not  possible  to  introduce  as  much  nitre  as  the  case 
calls  for,  then  nothing  remains  but  to  diminish  the  burning  of 
brimstone  or  pyrites  for  a  time,  and  to  allow  the  chambers  to 
recover  their  normal  state  by  easing  them  in  this  way. 

At  some  works  the  indications  offered  by  the  colour  of  the 
chambers  and  the  reactions  of  the  acids  on  nitre  are  not  thought 
sufficient ;  but  constant  analyses  are  made  to  ascertain  whether  s 
definite  and  sufficient  quantity  of  nitre  is  present  in  the  apparatus. 
For  instance,  one  manufacturer  assumes  5  parts  of  nitric  acid  of 
66^  Tw.  to  be  such,  =  about  4  parts  of  nitrate  of  soda  to  each  100 
parts  of  pyrites  burnt ;  as  soon  as  the  nitre  contained  in  the  Gay- 
Lussac  and  Glover  towers  and  the  chambers  falls  below  this  point, 
the  supply  of  nitre  is  increased,  and  conversely.  This  appears  veiy 
rational,  but  is  very  rarely  done,  perhaps  partly  because  sach  esti- 
mations, in  order  to  be  at  all  accurate,  require  much  trouble  and  take 
much  time ;  nor  is  it  possible  easily  to  take  into  account  the  huge 
quantity  of  nitre  which  exists  in  the  atmosphere  of  the  chamber. 
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The  temperature  of  the  acid-chambers  is,  by  many  manufacturers, 
observed  with  great  care,  as  they  believe  that  a  regular  and  good 
chamber-process  depends  principally  upon  keeping  the  tempera- 
ture always  at  a  certain  height,  different  in  different  parts  of  the 
apparatus.  These  manufacturers  think  that  the^  formation  of 
sulphuric  acid  only  takes  place  regularly  and  completely  within 
certain  definite  narrow  limits  of  temperature.  But  it  would  appear 
as  if  here  the  cause  were  confounded  with  the  effect ;  this  is  proved 
by  the  fact  that  the  French  and  English  manufacturers,  who  mostly 
work  without  a  thermometer,  obtain  as  good  results  as  the  German 
ones.  It  is  indisputable  that,  under  equal  circumstances  (that  is,  if 
the  same  set  of  chambers  is  served  by  the  same  number  of  burners, 
and  if  the  chambers  are  protected  from  the  weather  by  a  building), 
the  oscillations  in  the  temperature  of  the  chambers  will  not  be  very 
considerable.  The  sources  of  heat  are  always  present — the  heat 
of  the  burner-gas,  that  of  the  steam,  and  that  given  off  by  the 
chemical  reaction  itself.  The  latter  is  rendered  evident  by  the  fact 
that  it  is  possible  to  raise  the  temperature  of  the  chambers  by 
increasing  the  supply  of  nitre.  This  is  counterbalanced  by  the 
radiation  from  the  thin  and  quickly-conducting  walls  of  the  cham- 
ber, by  the  heat  contained  in  the  escaping  gas  and  in  the  bottom- 
acid  drawn  off.  The  radiation  through  the  chamber- walls  will  vary 
very  much  according  to  the  season,  but  not  very  much  in  the  same 
season  if  the  chambers  are  housed  in.  All  causes  leading  to  a 
faulty  process — too  much  or  too  little  draught,  too  much  or  too 
little  steam,  too  little  nitre — act,  either  directly  by  the  heat  of  the 
gas  itself  or  the  steam,  or  indirectly  by  the  disturbance  of  the 
chemical  processes,  on  the  temperature  of  the  chambers  j  and  thus 
it  can  be  said  that,  for  a  given  set  and  at  the  same  outside  tempera- 
ture, the  heat  of  the  chambers  ought  only  to  show  such  oscillations 
as  are  inevitable  by  the  successive  changes  in  the  burner-gas  when 
new  charges  are  made,  and  by  the  different  energy  of  the  acid- 
forming  process  in  different  parts  of  the  chamber. 

The  oscillations  in  the  same  place  by  the  intermittently  larger  or 
smaller  quantity  of  the  burner-gas  and  by  the  supply  of  fresh  nitre, 
where  there  is  no  feeding  with  nitric  acid,  will  vary  according  to  the 
size  of  the  chambers,  but  generally  will  not  rise  more  than  8®  or 
4^  C.  Much  more  considerable  are  the  differences  found  between 
various  parts  of  the  apparatus  at  the  same  moment.  According  to 
most  observers,  in  the  same  chamber  the  region  near  the  top  is 
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always  warmer  than  that  near  the  bcOoB^  bccaaae  the  hotter  and 
lighter  gas  natnnJlT  riies  towards  the  former;  the  oontradictoiy 
assertions  of  H.  A.  Smith  have  not  been  confirmed  fincmi  any 
quarter  within  the  author's  knowledge.  Further,  the  temperatore 
of  each  chamber  diminii^hfai  from  front  to  back,  and  naturally  eren 
more  that  of  the  last  chambers  compared  with  the  first.  All 
these  differences  in  the  normal  jHrocess  ought  to  be  constant. 
The  first  chamber  will  be  generally  so  hot  that  one  cannot  touch 
it  for  any  length  of  time,  say  50^  to  65^  C. :  in  the  absence  of  any 
cooling-apparatus.  Glover  tower,  &c.,  the  heat  becomes  so  high 
that  the  lead  cannot  be  touched  with  impunity ;  but  in  that  case 
the  chamber  will  not  last  very  long.  The  second  chamber  mostly 
shows  on  the  outside  hardlv  more  than  blood-heat ;  thermometers 
writh  their  mercunr-vessels  inside  the  chambers  show  from  40^  to 
60^  C.  The  third  chamber,  if  it  be  the  last,  will  outwardly  show 
little  or  no  difference  in  temperature  from  the  surrounding  atmo- 
sphere ;  inside  its  temperature  varies  from  4(P  to  30°,  and  below 
that. 

At  the  Aussig  works  in  September  the  tambour  showed  60^, 
the  large  chamber  in  its  first  part  45^,  in  its  last  part  43^;  the  first 
back  chamber  30°,  the  last  (kept  without  any  steam)  20P  C.  At 
Oker  the  fore  chambers  in  winter  vary  from  60^  to  69°,  the  large 
chamber  in  its  first  part  from  25°  to  31°,  in  its  last  part  from  19° 
to  25° ;  the  back  chambers  0°  to  10°  C.  In  summer  the  average 
temperature  is  12^°  C.  higher  than  in  winter. 

The  question  now  arises.  Which  is  the  best  absolute  temperature 
for  the  chamber-process  in  any  given  place  of  the  apparatus  ?  This, 
however,  cannot  be  answered  definitely,  because  the  statements  on 
this  point  vary  too  much,  even  if  only  the  published  ones  are  taken 
into  account,  and  still  more  if  private  factory  observations  are 
r^arded,  letting  aloue  the  opinions  of  H.  A.  Smith  differing  com- 
pletely from  all  others.  No  doubt  some  temperature  must  be  the 
best  for  acid-making ;  but  which  this  is,  has  not  yet  been  experi- 
mentally decided ;  nor  is  it  known  to  what  extent  the  yield  and 
the  consumption  of  nitre  are  influenced  by  any  deviations  from 
the  normal  temperature  up  or  down.  Usually  45°  to  50°  C.  is 
considered  to  be  the  normal  temperature  of  the  acid-chambera. 

There  is  a  pretty  general  agreement  upon  the  point  that  in  any 
case  6if  C.  is  the  Iiighest  temperature  allowable  for  chambers,  but 
that  50^  or  even  less  is  preferable ;  this  is  also  confirmed  by  Favre 
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(Monit.  Scient.  1876,  p.  272),  according  to  whom,  in  the  south  of 
Prance  at  65°  C.  the  chamber-process  is  already  disturbed.  Little 
weight  can  accordingly  be  given  to  Payen's  statement  ('  Precis,' 
p.  321)  that  the  normal  temperature  is  55®  to  60°,  variable  in 
winter  between  50"  and  70°,  in  summer  between  65°  and  80°. 

The  lower  limit  of  temperature  is  by  Schwarzenberg  put  at  40^ 
to  50°  C,  because  otherwise  there  would  not  be  a  sufficient  quan- 
tity of  water  remaining  in  the  state  of  vapour ;  he  asserts  that  in 
cool  weather  a  set  of  chambers  is  less  easily  started  than  in  warm 
weather,  and  that  in  winter  more  nitre  is  used  than  in  sunmier. 
The  author  must  contradict  this  assertion  of  Schwarzenberg's,  both 
from  his  own  and  from  many  other  practical  men's  experience. 
Unless  the  temperature  of  the  chambers  sinks  so  low  that  ice  is 
formed  in  them  (which  may  happen  with  back]chambcrs  kept  with- 
out steam),  no  excess  of  nitre  is  required  in  winter ;  on  the  contrary, 
at  all  well  managed  factories  known  to  the  author  it  is  asserted 
that  they  regularly  require  less  nitre  in  winter  than  in  summer, 
and  that  the  work  altogether  proceeds  better  in  the  cooler  season. 

It  would  not  appear  that  the  influence  of  temperature  is  so  con- 
siderable as  is  usually  assumed;  for  different  works,  employing 
similar  raw  materials,  apparatus,  &c.,  work  at  very  different  tem- 
peratures, without  this  being  shown  very  clearly  in  their  yield  and 
consumption  of  nitre.  Even  the  best  English  acid-manufacturers 
generally  work  without  thermometers  and  in  the  open  air,  exposed 
to  very  rapid  changes  of  temperature;  yet,  if  otherwise  well 
managed,  their  results  equal  those  of  the  best  continental  works. 

It  is  very  well  known  to  all  practical  men  that  the  depth  of  add 
at  the  bottom  of  the  chamber  influences  the  completeness  and 
regularity  of  the  chamber-process.  The  best  yield  and  the  most 
regular  work  is  only  obtained  by  keeping  a  good  stock  of  acid  in 
the  chambers ;  but  the  author  has  not  found  that  more  than 
9  inches  depth  makes  any  difference  in  this  respect.  Although  a 
great  depth  of  acid  somewhat  lessens  the  chamber-space  remaining 
for  the  gas,  the  above  fact  is  well  established ;  but  a  satisfactory 
explanation  of  it  has  not  yet  been  given. 

By  the  observations  and  checks  recommended  in  this  Chapter  it 
is  possible  constantly  to  know  how  the  process  is  going  on,  and  to 
keep  it  right.  Any  disturbances  in  the  process  can  thus  be  re- 
moved, but  less  easily  the  longer  they  have  continued.  In  the  worst 
cases  the  work  has  to  be  interrupted  altogether  and  started  afresh. 


In  cketkmg  the  ftoctm  it  mami  TMtwtr  be  overlooked  that  tbe 
ttme  njmpu^m  maj  be  ovine  to  v«rioa>  camca.  Thiu  the  add 
ii^J  8^  weaker  either  br  a  fallxne-off  in  the  make  or  brtoo  much 
flteam.  The  dnm^t  majr  be  lovered  either  br  a  onalkr  make,  or 
br  atmospheric  infinencesy  or  br  the  gas-ihm  getting  stopped  np 
with  deposit.  An  insnfficient  oonTenicm  of  solphnfons  into  tul- 
pharic  acid  maj  be  caoaed  br  too  weak  or  bj  too  strong  a  draught. 
The  nitre  maj  decrease  in  the  chamber  both  from  an  excess  of 
steam,  which  leads  to  formation  of  nitric  acid,  and  from  a  defi- 
ciencT  of  it,  leading  to  chamber-crrstals  getting  dissolTcd  in  the 
bottom-acid ;  and  in  both  cases  the  »trength  of  the  ritriol  CsUs  off. 
Jnst  becaose  in  acid-making  a  certain  efiect  may  be  caused  bjr 
different  circamstances,  the  management  of  chambers  is  not  an 
easy  task,  but  requires  a  good  deal  of  judgment  and  experience. 

The  most  certain  check  on  the  process  ultimately  is  always  the 
pieU  of  acid  and  the  eonsympthm  of  nitre ^  both  of  which  sjicmld  be 
ascertained  once  a  week.  We  shall  go  into  this  in  a  later  chapter. 
Mactear  considers  this  check  insufficient,  and  substitutes  for  it  a 
direct  estimation  of  the  loss  of  sulphur  in  the  escaping  gas  (Chem. 
News,  xxxvi.  p.  49^ .  His  way  of  calculating  is  a  Tery  roundabout 
one  and  little  reliable,  owing  to  the  large  amount  of  the  possible 
sources  of  error.  Still  such  a  control  of  the  process  as  is  proposed 
by  him  is  de?iirable ;  and  it  can  be  attained  by  continually  aspirating 
a  small  quantity  of  the  escape-gas,  and,  after  absorbing  the  sulphur- 
acids,  measuring  it  by  a  gas-meter  or  even  by  a  laige  graduated 
aspirator.  It  seems  tbe  simplest  plan  to  aspirate  the  gas  through 
caustic-soda  solution,  adding  a  solution  of  potassium  permanganate 
till  a  pink  colour  is  just  produced,  and  estimating  the  sulphuric 
acid  then  present  (whether  originally  so  or  formed  from  sodium 
sulphate  by  oxidation)  in  the  usuid  manner.  The  sulphur  found 
can  be  calculated  upon  the  total  sulphur  burnt  from  the  oxygen  of 
the  exit-gas,  preferably  taken  from  an  average  sample  of  the  whole 
day  (compare  above).    The  following  formula  may  be  used  : — 

(20.95-a)  X  0-009637  X -p^ .  X  4=.. 

In  this  a  denotes  the  percentage  of  oxygen  in  the  exit-gas,  /  its 
temperature,  h  tbe  barometrical  pressure  in  millimetres,  x  the 
total  quantity  of  tbe  sulphur  actually  burnt,  expressed  in  grams 
per  litre  of  tbe  exit-gas;   with  this  the  quantity  actually  found 
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should  be  compared^  in  order  to  find  the  percentage  of  loss.  The 
correction  for  barometrical  pressure  in  most  places  may  be  omitted 
as  unnecessary ;  that  for  temperature  can  be  taken  from  the  usual 
tables.  It  should  not  be  overlooked  that  in  this  way  no  account 
is  taken  of  the  sulphur  remaining  in  the  cindefrs. 

In  a  similar  manner  the  escaping  nitre-gas  can  be  estimated; 
but  this  is  much  more  difficult,  since  there  is  so  very  little  of 
it,  and  nitric  oxide  is  not  easily  absorbed.  Potassium  perman- 
ganate and  hydrogen  peroxide  have  been  proposed  for  this 
purpose. 
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CHAPTER  X. 


THE  HFXOVEHY  OF  THE  NITROGEN  COMPOUNDS. 


Tff  R  rccTivery  of  the  nitrogen  compounds  which  are  still  present  in 
the  gajM^ouN  mixture^  consisting  of  nitrogen  with  a  little  oxrgen 
MMiiing  from  the  last  chaml>er^  has  been  previously  mentioned  as  a 
prfpCAtnn  in(liN|H;nNablc  for  the  rational  manufacture  of  sulphuric 
a^;id.  It  Haves  not  merely  two  thirds  of  the  nitre^  but  also  a  great 
di;al  (a  (juurU;r  up  U)  a  third)  of  the  chamber-space;  it  increases 
the  yUM  of  vitriol^  and  moreover  prevents  the  escape  of  acid  fumes 
into  the  atinoNphcre.  Several  processes  may  be  employed  for  this 
object ;  but,  with  one  exception,  they  only  deserve  a  short  mention, 
^rhe  only  plan  which  IiaH  turned  out  successful  in  manufacturing 
pra<:ti(;e,  and  which,  certainly  after  a  remarkable  length  of  time^ 
has  been  introdiicc;d  into  all  well-managed  works,  is  that  which  was 
projiOMcd  by  Ciay-LiisHac  as  early  as  1827,  viz.  the  absorption  of  the 
nitrounfumeM  by  atromj  vitriol.  Only  in  Gay-Lussac^s  own  country 
has  his  invention  not  yet  been  sufficiently  appreciated;  for  in  the 
south  of  France  the  recovery  of  the  nitrous  acid  seems  to  be  excep- 
tional, if  the  report  of  Pavre  may  be  believed  ('  Moniteur  Scien- 
tificjuc!,^  1870,  p.  223) ;  Pavre,  himself  manager  of  a  factory  in  that 
neighbourhood,  expresses  himself  as  if  the  gas  were  regularly  sent 
out  of  the  last  dianiber  direct  into  the  atmosphere.  Anyhow  this 
still  takciH  place  at  a  large  number  of  French  works. 

Wc  nnist  now  first  examine  the  behaviour  of  sulphuric  acid 
towards  the  oxides  of  nitrogen,  A  great  many  chemists,  some  of 
them  of  first  rank,  have  worked  in  this  field;  but  the  matter 
was  first  completely  elucidated  by  the  labours  of  R.  Weber  during 
the  years  18G2  to  1867.  These  form  the  basis  of  our  present 
knowledge  of  this  matter;  they  were  published  partly  in  the 
'  Journ.  f.  prakt.  Chcm/  Ixxxv.  p.  423  and  c.  p.  37,  partly  in  Peg- 
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gendorflPs  ^  Annalen/  cxxiii.  p.  341,  cxxvii.  p.  543,  exxx.  p.  277, 
and  partly  in  Dingler^s  ^  Polyt.  Journal,'  clxvii.  p.  453.  Other  very 
important  papers  have  been  published  by  CI.  A.  Winkler  ('Re- 
searches on  the  Chemical  Processes  going  on  in  the  Gay-Lussac 
Towers,*  Freiberg,  1867),  by  Rammelsberg  (Ber.  d.  deutsch.  chem. 
Gesellsch.  1872,  p.  310),  by  Michaelis  and  Schumann  (ib.  1874, 
p.  1075).  The  latter  introduced  the  scientific  name  "nitrosul- 
phonic  acid  *'  for  that  compound  which  will  chiefly  occupy  our  at- 
tention, and  which  was  previously  known  by  the  name  of  "  chamber- 
crystals;'^  it  is  also  known  as  "nitrosyl  sulphate.''  The  older 
researches  of  Clement-Desormes,  Dalton,  Davy,  Berzelius,  Gay- 
Lussac,  W.  Henry,  Gaultier  de  Claubry,  De  la  Provostaye, 
A.  Rose,  Koene,  Weltzien,  Rebling,  and  Miiller  have  now  merely 
an  historical  interest. 

When  we  consider  the  different  oxides  of  nitrogen,  we  can  state 
for  certain,  in  the  first  place,  that  nitroua  oxide,  N^O,  is  no  more 
soluble  in  sulphuric  acid  than  nitrogen  itself.  Therefore  all  the 
nitre  which  in  the  chambers  has  been  converted  into  nitrous  oxide 
will  be  altogether  lost. 

Nitric  oxide,  NO,  was  said  by  Henry  and  Plisson  to  be  absorbed 
by  oil  of  vitriol,  if  left  a  long  time  in  contact  with  it,  with 
formation  of  nitrous  pyrosulphuric  anhydride  (see  below) ;  but 
Berzelius,  Gay-Lussac,  and  many  others  have  already  refuted  this 
statement,  more  especially  Winkler  (/.  c.  pp.  5  to  8) .  This  proves 
that  the  sulphuric  acid  of  the  absorbing-apparatus  cannot  retain 
that  portion  of  the  nitrogen  oxides  which  has  been  reduced  to  the 
state  of  nitric  oxide ;  and  from  this  follows  the  necessity  of  an 
excess  of  oxygen  in  the  gas  issuing  from  the  chambers,  since  only 
this  prevents  the  existence  of  nitric  oxide  in  the  same.  Traces  of 
nitric  oxide  may,  however,  escape  oxidation  even  in  the  presence  of 
oxygen. 

In  the  presence  of  oocygen  nitric  oxide  is  absorbed  by  sulphuric 
acid  (Bussy,  Winkler) ;  but  then  it  is  really  nitrous  acid  which  is 
absorbed ;  and  Winkler  has  proved  that  it  is  precisely  the  presence 
of  sulphuric  acid  which  causes  the  oxidation  not  to  proceed  beyond 
the  formation  of  nitrous  acid,  the  latter  combining  afterwards  with 
the  sulphuric  acid  to  form  nitrosulphonic  acid  and  water : — 

2SOa{OH)j  +  N203=2SOa{OH)(N02)+HaO. 
Nitrous  acid  (of  which  only  the  anhydride,  NgO^has  been  obtained 
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in  the  free  state ;  the  hydrate^  NO .  OH^  is  only  hypothetical)  as  well 
as  hyponitric  acid  or  nitrogen  tetroxide,  NO2  or  N2O4,  dissolve  in 
sulphuric  acid^  so  long  as  the  latter  has  not  been  diluted  beyond  a 
certain  degree^  and  thereby  fom  the  compound  S02(OH)  (NO^^ 
already  designated  as  niirosulphomc  acid*,  according  to  the 
equations 

I.  2S02(OH)2+NjO,=2SOa(OH)(NOJ+H20,  and 
IT.    S02(OH)j+Na04=    SO,(OH)fNO,)+NO,.OH; 

that  is  to  say^  in  the  case  of  nitrous  acid  merely  with  splitting  off 
of  water — in  the  case  of  hyponitric  acid^  however^  with  the  simul- 
taneous formation  of  nitric  acid,  which  likewise  remains  dissolved 
in  the  sulphuric  acid.  According  to  Rammelsberg  (/.  c),  however^ 
in  the  case  of  nitrous  acid  being  employed  in  excess^  the  following 
reaction  may  also  take  place — 

III.  SOa(OH)j+2Na03=SOi(OH)(N02)  -|-NOa.OH+2NO; 

that  is  to  say,  besides  nitrosulphonic  add,  nitric  acid  and  nitric 
oxide  are  also  formed. 

Nitrosulphonic  acid  is  obtained  as  a  crystallized  mass  by  the 
union  of  nitrous  anhydride  with  oil  of  vitriol  (Weltzien),  but  as 
a  solution  in  sulphuric  acid  in  the  presence  of  not  too  much  water; 
such  a  solution  also  remains  behind  on  heating  a  mixture  of  oil  of 
vitriol  with  concentrated  nitric  acid  (A.  Rose).  It  is  also  formed 
from  sulphuric  anhydride  and  the  oxides  of  nitrogen  in  the  presence 
of  water  (Doebereiner,  Gaulticr  de  Claubry,  Kuhlmann) .  Of  much 
greater  importance  is  its  formation  firom  sulphur  dioxide  and  the 
oxides  of  nitrogen  in  the  presence  of  water,  or  of  water  and  oxygen. 
In  the  absence  of  water,  sulphur  dioxide,  whether  in  the  gaseous 
or  the  liquid  state  (at  — 20°  C),  acts  neither  on  nitric  oxide  nor  on 
the  hyponitric  acid  formed  therefrom  by  access  of  air ;  but  a  small 
quantity  of  water  causes  the  formation  of  crystals  of  nitrosulphonic 
acid  (Davy,  Gaultier  de  Claubry,  Winkler)  :  it  cannot  be  otherwisCj 
as  the  constitution  of  that  compound  requires  hydroxyl.  This  is 
precisely  the  way  in  which  the  chamber-crystals  are  formed  in.  the 
lead  chambers. 

Winkler  has  proved  (/.  c.  p.  14)  that  even  in  the  presence  of 
moisture  sulphur  dioxide  does  not  form  chamber-crystals  with  pure 

*  According  to  CL  Winkler  (see  below),  nitrogen  tetroxide  dissolves  in  sol* 
phuric  acid  of  170°  Tw.  as  msch,  without  any  change. 
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N2O3,  but  NO  is  formed  in  that  case.  Also  from  NO^  and  SOj,  if 
they  are  quite  dry,  no  chamber-crystals  are  formed;  but  they  appear 
at  once  if  only  a  drop  of  water  is  added.  Winkler  makes  use  of 
this  behaviour  in  order  to  distinguish  nitrous  from  hyponitric 
acid^  since  the  former  in  an  atmosphere  of  carbon  dioxide  does  not 
form  chamber-crystals  with  sulphur  dioxide^  even  in  the  presence 
of  moisture^  but  the  latter  does  so. 

It  is  no  contradiction  to  this^  that  the  crystals  are  obtained  from 
dry  SOg  and  NO^  in  the  presence  of  a  little  oil  of  vitriol  (Weber), 
or  from  SOj  and  nitric  acid  NO3H  (Sestini).  The  experiments  of 
H.  A.  Smith  (in  Bodc's  translation  of  his  pamphlet,  p.  27)  were  to 
prove  the  contrary,  viz.  that  dry  sulphur  dioxide  and  "  nitrous  gas'' 
show  a  reaction  even  in  a  perfectly  dry  vessel,  but  '^  much  more 
quickly  on  the  introduction  of  a  drop  of  water ''  (according  to  his 
description,  the  "  dry  nitrous  gas ''  is  made  from  sulphuric  acid 
and  nitrate  of  soda,  and  therefore  contains  at  least  nitric  hydrate 
NO3H) ;  but  the  crystals  formed  thereby  he  considers  to  be  not  ordi- 
nary chamber-crystals,  but  sulphuric  anhydride  (!),  since  they  are 
acicular  (Smith  evidently  has  never  seen  the  splendid  acicular  groups 
of  chamber-crystals  which  are  so  easily  formed  as  a  lecture  expe- 
riment)— further,  since  they  remain  a  pretty  long  time  unchanged 
(this  is  just  the  behaviour  of  chamber-crystals  in  air  containing  not 
too  much  moisture,  whilst  sulphuric  anhydride  is  much  more  deli- 
quescent), and  since  they  dissolve  in  contact  with  water  without  an 
effervescence  of  nitrous  gas  (this,  according  to  Fremy's  and  the 
author's  own  observations,  happens  with  nitrosulphonic  acid  if  a 
large  excess  of  water  is  present).  A  special  refutation  of  his 
extremely  crude  experiments  is  all  the  less  necessary  as  he  has  not 
adduced  a  shadow  of  a  scientifically  valid  proof  for  his  assertions 
which  differ  from  those  of  all  other  chemists. 

According  to  Winkler,  therefore  (/.  c.  p.  15),  fumes  of  nitrous 
acid  with  an  excess  of  sulphurous  acid  and  water,  and  with  exclu- 
sion of  oxygen,  give  no  chamber-crystals  at  all ;  but  they  are  deco- 
lorized, nitric  oxide  and  sulphuric  acid  being  formed.  If  oxygen 
or  air  are  admitted,  chamber-crystals  instantly  appear,  and  also  if 
hyponitric  acid  in  the  presence  of  water  meets  sulphurous  acid. 
This  agrees  with  the  results  of  all  other  chemists. 

There  exists  also  a  similar  compound,  which  contains  no  hydrogen, 
the  nitrous  pyrosulphuric  anhydride,  NjOg,  2803= 


368  STLPHCEIC  ACID. 

so,C   . 

bat  this  is  onlv  formed  bv  mixing  liquid  sulphar  dioxide  and 
nitrogen  tetroxide  in  the  cold  under  pressure  (ProTOstaye),  or 
sulphuric  anhydride  with  dry  nitric  oxide  (H.  Rose),  or  by  heating 
sulphuric  anhydride  with  nitrogen  tetroiide  (Weber),  none  of  which 
reactions  are  possible  in  the  manufacture  of  sulphuric  acid. 

Neither  is  this  the  case  with  the  compound  produced  by  R.  Weber 
(Poggend.  Annalen,  clxii.  p.  602)  by  conducting  sulphuric  anhy- 
dride into  the  most  highly  concentrated  nitric  acid,  which  has  the 
empirical  formula  X^O^,  480^,  3HjO. 

The  easiest  way  of  preparing  the  chamber-crystals  in  a  state  of 
purity  is,  according  to  Weber,  by  conducting  sulphur  dioidde  into 
well-cooled  fuming  nitric  acid  until  the  whole  mass  has  been  con- 
verted into  a  magma,  but  not  until  the  nitric  acid  has  been  entirely 
decomposed,  and  drying  the  crystallized  mass  on  a  brick  under  a 
bell-jar  alongside  some  oil  of  vitriol.  Obtained  in  this  way,  or 
collected  in  the  connecting-pipes  of  vitriol-chambers  or  other 
places  where  there  is  a  deficiency  of  steam,  they  consist  of  four- 
sided  prisms  or  orthorhombic  crystals ;  but  generally,  when  pre- 
pared on  the  small  scale,  they  appear  as  a  scaly,  feather-like,  or 
granular  mass,  colourless  and  transparent.  Their  fusing-point  is 
stated  by  Weltzien=73°,  by  Gaultier  de  Claubry=120^  to  130°; 
but  they  are  partly  decomposed  before  fusing,  with  evolution  of 
red  fumes. 

The  composition  of  chamber-crystals  was  formerly  uncertain ; 
the  question  was,  in  the  language  of  the  older  chemists,  whether 
they  were  a  compound  of  sulphuric  acid  with  hyponitric,  or  with 
nitrous  acid.  Miiller  (Ann.  Chem.  Pharm.  cxxii.  p.  1)  stiU  pro- 
nounced for  the  former ;  but  R.  Weber  proved  in  1862,  and  miore 
rigorously  in  the  following  year,  by  estimating  all  their  consti- 
tuents according  to  unexceptionable  methods,  that  their  formula 
must  be  constructed  on  the  second  supposition.  His  results  were 
as  follows : — 

Molecular  weight      Calculated.  Found. 

2S08  160  62-99  6400 

N5O3  76  29-92  27-96 

HjO    18  709  10-50 

2  SOa,  N,Oa,  HjO 254  100-00        102-46 
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This  formula  has  also  been  confirmed  by  Michaelis  and  Schumann 
(/.  c.) ,  who  at  the  same  time  proved,  from  the  products  of  decom- 
position by  phosphorus  perchloride,  that  the  compound  whose 
molecular  weight  has  to  be  halved  must  be  regarded  as  nitrosul^ 

OH 
phonic  acid,  ^^i\i\rn  — ^^^^  ^^^  ^  sulphuric  acid,  one  of  whose 

hydroxyls  is  replaced  by  tbe  nitro  group,  or  as  nitric  acid  for 
whose  hydroxyl  is  substituted  the  sulpho  group. 

The  chamber-crystals  are  not  changed  by  a  little  water,  if  they 
absorb  it  from  moist  air  and  deliquesce  in  the  same  after  some 
time ;  but  in  liquid  water  they  dissolve  quickly  with  evolution  of 
heat  and  nitric  oxide,  to  form  dilute  sulphuric  acid,  from  which 
much  more  nitric  oxide  is  given  off  on  boiling.  When  introduced 
into  a  large  quantity  of  water,  they  dissolve  without  evolution  of 
gas  (Fremy).  Many  contradictory  explanations  have  been  given 
of  the  reactions  going  on  therewith,  for  instance  by  W.  Henry, 
A.  Rose,  Thomson,  &c. ;  but  a  few  experiments  made  by  Philipp 
according  to  the  directions  of  Rammclsberg  (/.  c.)  have  alone  cleared 
up  the  matter.  It  has  been  proved  that  on  dissolving  chamber- 
crystals  in  water  a  quarter  of  their  percentage  of  nitrogen  escapes 
as  NO;  the  remainder  of  the  nitrogen  remains  dissolved  along 
with  the  sulphuric  acid,  partly  as  nitrous,  partly  as  nitric  acid;  in 
the  cold  the  proportion  is  20  of  the  latter  to  80  of  the  former.  Most 
probably,  of  the  11  per  cent,  of  nitrogen  contained  in  chamber- 
crystals  on  dissolving  them  in  water,  J  appears  as  nitric  oxide,  |  as 
nitrous  acid,  and  J  as  nitric  acid.  Whilst,  therefore,  the  usual  state- 
ment of  the  reaction  between  chamber-crystals  and  water  is  this, 

2S02(OH)  (NO2)  +  H20=2S02(OH)2-hN203, 

Rammelsberg's  results  lead  to  the  following  equation : — 

16S02(OH)(N04)  +  9H20=16S02(OH)2-h4NO 

+  2N02(OH)+5N203. 

The  first,  simpler,  equation,  however,  will  in  most  cases  suffice 
to  represent  of  the  reactions  within  the  chambers. 

The  behaviour  of  nitrosulphonic  acid  towards  sulphuric  acid  is  of 
even  more  immediate  interest  for  us.  In  concentrated  oil  of  vitriol 
the  crj'stals  dissolve  easily  and  without  decomposition ;  this  solution 
is  stable  enough  to  be  distilled  without  losing  any  nitrous  acid, 
whilst  the  isolated  cr\'stals  are  decomposed  on  being  gently  heated. 
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If  the  above  solution  be  half  distilled,  the  residue  will  be  richer 
in  nitrous  acid.  It  is  possible  to  obtain  solutions  of  1*9  sp.  gr. : 
they  evolve  with  water  nitric  oxide,  inflame  phosphorus  at  62°  C, 
oxidize  sulphur  and  many  metals  on  distillation  with  evolution 
of  NO;  heated  with  ammonium  sulphate  to  160^  they  evolve 
nitrogen  gas.  Tliis  solution  of  nitrosul phonic  acid  in  strong  oil  of 
vitriol  (of  170°  Tw.),  even  on  long-continued  treatment  with  dry 
sulphur  dioxide,  is  only  incompletely  decomposed,  and  on  addition 
of  water  still  shows  the  presence  of  nitrous  acid  by  the  evolution 
of  brown  vapours.  This  explains  the  fact  (well  known  to  manu- 
facturers) that  concentrated  vitriol  contaminated  by  nitrous  acid  is 
only  with  difficulty  purified  by  sulphurous  acid.  Heated,  sulphu- 
rous acid  decomposes  chamber-crjstals  with  evolution  of  nitrous 
oxide  (Fremy) .  Further  statements  on  the  behaviour  of  sulphurous 
acid  towards  the  solution  of  chamber-crystals  in  sulphuric  acid,  the 
so-called  "nitrous  vitriol,'^  will  be  made  when  examining  the  process 
going  on  within  the  Glover  tower.  It  is  remarkable,  and  of  great 
importance  for  the  practice  of  sulphuric-acid-making,  that  even 
dilute  acids  of  1'70  down  to  1*55  sp.  gr.  dissolve  the  crystals  in  the 
cold  without  decomposition ;  the  decomposition  only  commences 
when  the  specific  gravity  of  the  dilute  acid  has  fallen  below  1'55 
— that  is,  below  the  density  of  ordinary  chamber-acid  (Weber). 
Such  dilute  solutions  arc  formed  when  hyponitric  acid  meets  dilute 
sulphuric  acid,  according  to  equation  II.  on  page  366 ;  and  just  this 
always  happens  in  the  chamber-process.  If,  according  to  Weber, 
hyponitric  acid,  made  by  gently  heating  fuming  nitric  acid  (and 
therefore  in  any  case  not  free  from  nitric  acid),  be  added  to  sul- 
phuric acid  of  different  degrees  of  concentration,  the  following  is 
obsen'cd  : — The  strongest  oil  of  vitriol,  down  to  1*7  sp.  gr.,  absorbs 
the  hyponitric  acid  without  coloration.  Acid  of  1*55  turns  yellow : 
here  the  hyponitric  acid  is  probably  absorbed  to  a  large  extent 
similarly  as  by  nitric  acid,  and  no  decomposition,  as  represented 
by  equation  II.  on  page  366,  has  taken  place,  whilst  this  has  to 
be  assumed  in  the  case  of  the  stronger  acids.  Acid  of  1*49  turns 
greenish  yellow,  of  1*41  intensely  green;  acid  of  1*31  turns 
blue  and  evolves  nitric  oxide,  which  on  applying  a  gentle  heat 
escapes  with  violent  effervescence.  (It  is  most  probable  that 
the .  decomposition  here  takes  place  according  to  the  equation 
which  Rammelsberg  has  established  for  the  decomposition  of 
chamber-crystals  with  water,  see  p.  369.)     Weak  acids  are  only 
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coloured  for  a  short  time.  From  this  may  be  inferred : — ^that  acids 
of  1*8  to  1*7  combine  with  hyponitric  acid  with  formation  of  nitro- 
sulphonic  acid ;  weaker  acids  simply  absorb  it ;  and  the  more  dilate 
acids  decompose  it  with  formation  of  nitric  oxide,  nitrons  acid,  and 
(according  to  Rammelsbcrg)  nitric  acid.  The  action  of  sulphurous 
acid  on  these  mixtures  is  different  according  to  their  concentration. 
As  mentioned  above,  the  solution  of  chamber-crystals  in  concen- 
trated vitriol  is  but  incompletely  decomposed  even  by  a  prolonged 
action  of  sulphurous  acid;  but  the  yellow  mixture  of  1'55  sp.  gr. 
and  the  coloured  more  dilute  acids  are  decomposed  with  strong 
effervescence  of  nitric  oxide.  It  will  soon  be  shown  what  part  all 
these  reactions  play  in  the  recovery  of  the  nitrous  gas  in  the  manu- 
facture, where  the  object  is  first  to  absorb  the  gas  sulphuric  acid 
of  1*7,  and  then  again  to  liberate  it  from  that  solution. 

Winkler  gives  a  different  account  of  the  behaviour  of  liquid 
hyponitric  acid  from  that  of  Weber.  He  states  that  it  may  be 
mixed  with  sulphuric  acids  down  to  142°  Tw.,  but  that  it  yields  a 
solution  totally  different  from  that  of  chamber-crystals  in  sulphuric 
acid,  viz.  one  of  a  yellow  colour  and  constantly  evolving  red  fumes. 
On  heating,  it  effervesces  and  gives  off  streams  of  gaseous  hypo- 
nitric acid ;  if  the  mixture  was  made  with  sulphuric  acid  of  142°  Tw., 
the  NOj  completely  volatilizes  far  below  the  boiling-point  of  sul- 
phuric acid,  so  that  the  residue  on  dilution  with  water  docs  not 
decolorize  potassium  permanganate.  If,  however,  acid  of  170°Tw. 
has  been  employed,  the  liquid  on  heating  certainly  yields  up  the 
larger  portion  of  its  NO9 ;  but  the  residue  behaves  like  a  solution 
of  chamber-crystals  in  sulphuric  acid,  and  on  being  mixed  with 
water  it  evolves  red  fumes  which  can  be  proved  to  be  N^Og,  not 
NOg,  by  their  not  forming  any  chamber-crystals  with  moist  SOj. 

There  are  some  essential  differences  between  the  statements  of 
Weber  and  those  of  Winkler,  more  especially  as  far  as  the  beha- 
viour of  hyponitric  acid  is  concerned,  which  must  be  cleared  up  by 
further  researches. 

If  concentrated  sulphuric  acid  is  mixed  with  a  little  concentrated 
nitric  acidy  and  sulphurous  acid  is  passed  into  the  mixture,  the 
nitric  acid  in  the  cold  is  only  reduced  to  nitrous  acid,  which  remains 
combined  with  the  sulphuric  acid ;  this  compound  resists  the  further 
action  of  the  sulphurous  acid,  similar  to  the  solution  prepared  from 
concentrated  oil  of  vitriol  and  chamber-crystals.  On  the  other 
hand  more  dilute  mixtures  of  sulphuric  and  nitric  acid,  below  1*7 
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sp,  gr.,  are  more  or  less  easily  decomposed  by  sulphurous  acid,  in 
the  ratio  of  their  dilution.  We  shall  see  that  these  observations 
of  Weber^s  have  also  to  be  taken  into  account  in  explaining  the 
process  in  the  chambers  and  in  the  Glover  tower. 

From  the  above  theoretical  researches  it  follows  that  all  oxides 
of  nitrogen  down  to  N^Og  are  absorbed  easily  by  sulphuric  acid  of 
1*7  sp.  gr.  and  upwards,  less  easily  by  weaker  acid,  not  at  all  by 
acid  of  less  than  1*5  sp.  gr.  But  neither  NO  nor  N^O  are  absorbed 
by  sulphuric  acid.  Thus  sulphuric  acid  of  moderate  strength  pre- 
sents a  means  of  taking  from  the  gas  escaping  from  the  chambers 
its  nitrogen  acids  (nitrous  gas) ;  a  second  process  must  then  follow, 
by  which  the  sulphuric  acid  charged  with  nitrous  gas  (commonly 
called  '^  nitrous  vitriol ")  is  again  deprived  of  its  nitrogen  com- 
pounds.    Both  processes  have  to  be  described  consecutively. 

By  far  the  most  usual  apparatus  for  retaining  the  nitrous  fames 
by  means  of  strong  sulphuric  acid  is  the  coke-tower,  first  employed 
in  1827  by  Gay-Lussac,  and  justly  designated  everywhere  by  the 
name  of  its  inventor.  From  the  facility  which  this  apparatus  gives 
of  retaining  at  least  two  thirds  of  all  the  nitre,  and  from  the  other 
important  advantages  realized  by  it  (see  p.  364),  it  might  have  been 
expected  that  that  apparatus  would  have  been  generally  introduced 
within  a  short  period  after  its  invention.  But,  most  curiously, 
Gay-Lussac^s  invention  was  only  carried  out  into  practice  for  the 
first  time  in  1842,  at  Chauny ;  and  forty  years  after  his  invention 
the  majority  of  sulphuric-acid  makers  did  not  possess  either  Gay- 
Lussac's  or  any  other  apparatus  for  retaining  the  nitrous  fumes ; 
nay,  even  some  of  those  who  had  adopted  it  in  the  first  instance 
had  abandoned  it  again. 

The  cause  of  this  was  that  at  that  time  the  only  plan  of  deni- 
tration  was  by  dilution,  and  that  the  expense  of  concentration, 
of  pumping  the  acid,  &c.  was  thought  to  amount  to  nearly  as  much 
as  the  saving  of  nitre.  Most  manufacturers  were  not  aware  that  the 
saving  (which  was  mostly  estimated  too  low,  viz.  equal  to  one  half 
of  the  nitre)  was  not  the  only  advantage  of  tlie  absorbing-towers. 
But  the  great  dearth  of  nitrate  of  soda  which  occurred  ten  years 
ago  brought  the  matter  vividly  before  them ;  at  the  same  time  on 
the  continent  the  composition  of  the  chamber-gases,  the  chamber- 
space,  &c.  was  studied  more  closely,  and  the  advantage  of  an  excess 
of  nitrous  gas  in  the  chambers,  which  can  only  be  secured  by  means 
of  an  absorbing-tower,  became  evident.   These  circumstances  led  to 
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such  towers  being  erected  again^  and  the  more  so  as  some  few  manu- 
facturers had  never  given  them  up  at  all  and  had  done  very  well 
with  them. 

In  England^  where  the  theoretical  part  of  the  subject  has  been 
much  less  attended  to,  another  practical  invention  had  in  the  mean- 
time been  made^  which  entirely  removed  the  only  essential  draw- 
back of  the  Gay-Lussac  absorbing-tower,  viz.  the  necessity  of  con- 
centrating the  acid ;  this  was  the  Glover  tower.  Whilst  little  more 
than  ten  years  ago  only  a  comparatively  very  small  number  of 
English  works  absorbed  their  nitre-gas  at  all,  since  then  all  the 
larger  and  better  works  have  introduced  the  Gay-Lussac  absorbing- 
column,  nearly  always  along  with  Glover^s  denitrating  column. 
Probably  some  few  exceptions  may  still  survive ;  but  we  are  here 
only  speaking  of  works  somewhat  rationally  managed.  Even  in 
1873  very  few  English  works'  chemists  were  as  depreciatory  in  their 
judgment,  and  at  the  same  time  as  ignorant  of  the  essence  of  Gay- 
Lussac's  apparatus,  as  H.  A.  Smith  showed  himself  to  be  in  his 
pamphlet  (Bode's  translation,  p.  82).  His  assertion  that  the 
Gay-Lussac  tower  was  an  outcome  of  negligence,  since  with  greater 
care  no  loss  of  nitrogen  compounds  at  all  need  be  suffered,  proves 
him  ignorant  of  the  reason  why  an  excess  of  those  compounds  is 
purposely  employed,  which  must  afterwards  be  reabsorbed,  viz.  that 
the  sulphurous  acid  may  be  fully  oxidized.  Directly  after,  he  spe- 
culates in  what  way  the  sulphurous  acid  escaping  "  in  the  majority 
of  works  "  may  be  utilized — a  question  which  in  working  with  the 
absorbing-tower  does  not  exist,  as  such  escapes  are  then  too  insig- 
nificant. The  necessary  answer  to  Smith's  reasoning  has  been 
already   given  by  his  translator  very  thoroughly  (p.  121,  note). 

Gay-Lussac* s  Absorbing-Tower  for  Nitrous  Gas 

consists  of  a  chamber,  placed  at  the  end  of  the  set  of  lead  chambers^ 
higher  than  wide  (a  "tower''  or  "column"),  of  which  the  walls 
are  made  of  a  material  capable  of  resisting  sulphuric  acid,  and  the 
interior  space  is  filled  with  a  material  presenting  a  large  surface. 
By  means  of  this  "  packing  "  a  stream  of  sulphuric  acid  entering 
the  column  from  above  is  divided  into  small  drops ;  at  the  same 
time  the  current  of  gas  rising  up  in  the  tower  is  divided  into  many 
small  jets ;  and  thus  the  contact  between  the  gas  and  the  acid, 
covering  the  surface  of  the  packing,  is  multiplied.  The  principle 
applied  here  is  exactly  the  same  that  had  been  employed  for  a  long 
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time  in  the  "  scrubbers  "  of  gas-works,  in  order  to  deprive  the  gas 
of  ammoniacal  salts  by  washing  it  with  water,  and  which  is  also 
applied  to  the  condensation  of  muriatic  acid  in  the  decomposition 
of  common  salt  (Book  II.).  It  is  always  this,  to  produce  a  great 
many  points  of  contact  between  the  gas  and  the  absorbing  agents 
and  thereby  to  wash  out  the  absorbable  substance  of  the  gas  as 
much  as  possible ;  or  the  interior  of  the  tower  may  be  represented 
as  a  filter  which  allows  only  the  inert  gas  to  pass,  but  retains  the 
gas  acted  upon  by  the  absorbing  agent . 

The  reason  why  such  an  apparatus  is  constructed  in  the  shape 
of  a  tower  or  column  (that  is,  why  it  is  made  much  higher  than 
wide)  is  this,  that  in  the  case  of  apparatus  with  a  considerable 
horizontal  section  it  is  quite  impossible  to  distribute  a  compara- 
tively thin  stream  of  the  absorbing  liquid  equally  over  the  whole 
section,  and  at  the  same  time  to  force  the  gas  to  meet  the  liquid. 
Of  course,  the  gas  has  always  a  tendency  to  rise  where  its  way 
is  not  barred  wholly  or  in  part  by  a  liquid ;  unless  the  columns 
are  pretty  narrow,  it  is  not  possible  to  prevent  the  liquid  running 
down  almost  entirely  in  some  places,  the  gas  rising  in  other  places, 
so  that  but  little  of  the  two  would  come  into  contact,  and  the  liquid 
would  arrive  at  the  bottom  charged  with  very  little  absorbable 
matter,  whilst  the  gas  issuing  at  the  top  would  still  contain  a 
good  deal  of  it. 

Hence  follows  this  general  principle  : — ^An  apparatus  for  the  ab- 
sorption of  gas,  such  as  arc  in  question  here,  should  be  made  no  wider 
than  is  necessary  in  order  that  the  draught  may  not  be  impeded 
by  the  packing ;  and  the  necessary  cubical  volume  of  the  packing 
should  be  obtained  by  making  the  tower  so  much  higher.  Thereby 
another  object  is  also  attained:  viz.,  the  gas  entering  at  the  bottom 
of  the  tower,  where  it  is  richly  charged  with  absorbable  matter, 
meets  a  liquid  containing  already  a  good  deal  of  the  same,  and 
therefore  not  capable  of  dissolving  much  more,  unless  an  abundant 
supply  is  presented  to  it,  which  is  just  the  case  under  these  circum- 
stances ;  on  the  other  hand,  the  gas  near  the  top  of  the  tower, 
where  it  is  almost  entirely  deprived  of  its  absorbable  parts,  meets 
entirely  fresh  liquid,  which  is  able  to  seize  upon  them  even  in  a 
poor  gas,  whilst  a  partly  saturated  liquid  would  have  no  action 
upon  such  a  gas.  This  is  the  theoretical  explanation  of  the  prac- 
tical fact  that  a  saturated  absorbing  liquid,  along  with  ea?haustion 
of  the  gas,  can  only  be  attained  by  building  the  towers  very  high. 
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A   considerable  vertical  height  of  the  absorbing  medium  can 
certainly  be  also  obtained  by  placing  two  towers  alongside  of  each 
other,  and  compelling  the  gas  leaving  the  first  tower  at  the  top  to 
pass  downwards  in  order  to  rise  again  in  the  second  towier.     As  a 
rule  this  arrangement  is  not  to  be  recommended,  for  two  reasons : — 
first,  there  is  a  loss  of  draught  caused  by  compelling  the  gaa  to 
take  the  unnatural  path  downwards  for  a  portion  of  its  course, 
and  the  consequent  great  friction  in  the  connecting-tube ;  secondly, 
in  this  way  certainly  the  gas  can  be  completely  washed  out,  but 
at  the  same  time  there  does  not  result  a  saturated  absorbing  liquid, 
both  of  the  towers  having  to  be  fed  with  liquid,  which  at  the  end 
only  attains  half  the  degree  of  saturation  that  would  have  been 
attained  in  one  tower  equal  in  height  to  both  those  employed  and 
fed  with  a  single  jet.     Only,  where  the  strength  of  the  absorbing 
liquid  is  of  no  consequence,  it  is  often  more  convenient  to  employ 
two  towers  one  after  the  other  than  one  of  double  the  height. 
An  arrangement  still  less  recommendable  is  found  in  many  books 
and  in  a  few  badly  arranged  works,  where,  from  mistaken  economy, 
the  absorbing- tower  is  made  of  twice  the  usual  horizontal  section, 
and  divided  into  two  halves  by  a  partition,  in  order  to  pass  the 
gas  up  one  half  and  down  the  other.    The  saving  in  cost  as  against 
two  towers  or  a  tower  of  double  the  height  is  not  very  conside- 
rable ;  on  the  other  hand,  that  half  of  the  tower  in  which  the  gas 
has  to  descend  is  almost  entirely  sacrificed,  because  here,  where  the 
gas  and  the  liquid  travel  in  the  same  direction  and  next  to  no  fric- 
tion takes  place  between  them,  their  mutual  action,  as  experience 
shows,   is   very  inconsiderable;    both  mostly   travel   downwards 
peacefully  without  interference,  and  arrive  at  the  bottom  almost 
unchanged.     The  arrangement  of  a  double  tower  is  inadmissible 
unless  the  partition  extends  right  through,  and  the  gas  issuing 
from  the  one  division  passes  downwards  by  a  special  pipe,  and  is 
allowed  to  ascend  again  in  the  second  division,  and  thus  to  meet 
the  acid  rain.     This   comes  to   the  same  thing  as  placing  two 
towers   alongside  each  other.     Such  an  apparatus  is  but  rarely 
met  with  for  absorbing  nitre-gas,  a  little  more  frequently  as  a 
condenser  for  muriatic  acid.     As  we  have  treated  of  them  here, 
in  the  Chapter  treating  of  the  latter  subject  the  principle  (which 
is  exactly  the  same  in  both  cases)  will  not  need  to  be  explained 
again. 

As  far  as  the  width  of  the  absorbing  column  is  concerned^  it 
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should  be  considerably  wider  than  an  empty  tube  of  snflBcient 
diameter  for  the  current  of  gas,  not  merely  because  the  packing 
of  the  tower  occupies  a  large  portion  of  its  section  and  only 
leaves  a  small  portion  of  it  as  clear  space,  but  also  because  the 
packing  must  be  purposely  arranged  so  as  to  divide  the  current 
of  gas  into  a  great  many  separate  jets,  constantly  changing 
their  direction,  and  to  expose  them  to  the  lai^est  possible 
amount  of  friction  at  the  surfaces  of  the  packing  wetted  with 
the  absorbing  liquid.  The  tower  must  therefore  be  wide  enough 
to  take  account  of  this  purposely  increased  friction.  Further- 
more, it  has  to  be  considered  that  the  slower  the  current  of  gas, 
the  more  time  will  be  afforded  for  the  action  of  the  absorbing 
liquid,  and  the  more  perfect  the  latter  will  be.  This  would  lead  to 
giving  the  tower  as  wide  a  section  as  possible, -in  order  to  slacken 
the  speed  of  the  gaseous  current.  As,  for  the  reasons  stated 
above,  this  plan  cannot  be  carried  out  very  far,  the  inference 
is  that  a  certain  middle  path  is  to  be  taken :  a  tower  should 
be  made  wide  enough  not  to  hinder  the  draught,  and  to  leave  suffi- 
cient time  for  the  contact  of  the  gas  and  the  liquid,  but  not  so 
wide  that  the  liquid  cannot  be  spread  equally  all  over  and  that  the 
gas  can  go  past  it.  Evidently  no  exact  calculations  can  be  made 
as  to  the  proper  width  ;  only  practical  experience  can  decide ;  and 
this  has  shown  that  a  Gay-Lussac  tower  should  never  exceed  7  feet 
in  width,  but  that  it  is  better  made  no  more  than  5  feet  wide  even 
in  the  case  of  large  sets  of  chambers,  and  that,  if  a  larger  section 
is  indispensable,  a  double  tower  should  rather  be  constructed. 

The  dimensions  of  the  absorbing  column  are  necessarily  correspon- 
dent to  those  of  the  set  of  chambers ;  its  cubical  contents  should 
be  at  least  1  per  cent,  of  the  chamber-space.  For  sets  of  from 
140,000  to  200,000  cubic  feet  the  column  ought  to  be  6  feet  in 
width  and  50  feet  high  ;  for  a  set  of  from  70,000  to  100,000  cubic 
feet  a  tower  from  4  to  5  feet  in  width  and  40  feet  high  is  sufficient. 
In  both  cases  it  is  best  to  give  the  tower  an  additional  height  of 
10  feet ;  there  will  be  all  the  more  saving  of  absorbing  acid  the 
higher  the  tower  and  the  longer  the  way  for  the  acid.  These 
statements  refer  to  chambers  working  with  pyrites;  with  brimstone 
the  height  of  the  tower  need  not  exceed  26  feet. 

In  all  probability  a  larger  absorbing-space,  say  2  per  cent,  of 
the  chamber-space,  would  permit  working  with  a  larger  economy 
of  nitre  than  the  above-stated  sizes ;  in  the  case  of  large  sets  this 
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space  would  then  mostly  have  to  be  divided  into  two  towers.  In 
fact,  the  absorbing-space  at  the  Jarrow  chemical  works  has  lately 
been  raised  to  90  cubic  feet  per  ton  of  pyrites  per  week,  which 
amounts  to  about  2  per  cent,  of  the  chamber-space;  and  by  this  the 
consumption  of  nitre  has  been  brought  down  from  1*45  to  1*05 
part  per  100  parts  of  pyrites. 

The  material  for  constructing  Gay-Lussac  towers  is  generally 
lead,  more  rarely  stoneware  pipes,  still  more  rarely  stone  fla^. 
The  cheapest  plan  would  probably  be  to  use  9-inch  earthenware 
pipes,  of  which  a  larger  number  would  be  placed  over  a  trough  of 
stone  or  of  wood  lined  with  lead  in  the  way  shown  in  fig.  159,  so 

Kg.  I.W. 


that  the  gas  would  rise  in  all  the  pipes,  whilst  each  pipe  was  fed  by 
a  small  jet  of  acid  by  means  of  an  oscillating  bucket  or  an  inter- 
mittent siphon.     The  pipes  would  have  to  be  filled  with  coke ;  and 
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there  would  have  to  be  a  sufficient  number  of  them  to  give  the 
necessary  horizontal  section.  The  author  does  not,  however,  know 
of  such  an  apparatus  having  been  anywhere  put  into  operation. 

A  stoneware  apparatus  manufactured  by  Fikentscher,  of  Zwickau, 
and  represented  in  fig.  160,  used  in  several  works,  is  said  to  have 

Fig.  100. 


given  good  results  ;  but  the  surface  of  the  acid  in  it  mtut  be  mnch 
smaller  than  in  a  coke-tower. 

In  most  cases  the  absorbing-tower  is  made  of  lead  and  packed 
with  coke.  The  lead  in  continental  works  is  often  made  unuecea- 
sarily  thick,  &om  14  to  28  lb.  to  the  square  foot ;  in  British  worb 
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it  is  often  no  more  than  7  lb.  or  even  6  lb.  to  the  square  foot, 
like  the  chamber-lead.  There  is  no  reason  why  the  lead  should  be 
stronger  :  the  gas,  as  well  as  the  acid,  in  this  apparatus  are  only 
moderately  warm,  and,  indeed,  ought  to  be  as  cool  as  possible ; 
nor  is  the  lateral  pressure  of  the  coke,  if  properly  packed,  so  great 
that  it  need  cause  any  fear.  At  any  rate  the  lead  sides  are  neces- 
sarily supported  by  a  wooden  frame.  Both  circular  and  square 
towers  are  found ;  the  former  take  less  lead  for  the  same  area. 
They  are  frequently  lined  inside  with  bricks,  which  are  put  in  dry 
along  with  the  packing ;  "  split  bricks  ^^  of  1  inch  thickness  are 
often  employed  for  this  purpose,  lest  too  much  space  should  be 
lost.  The  object  of  this  lining  is  to  prevent  the  coke  from  cutting 
the  lead  in  settling  down.  It  seems  hardly  worth  while  to  go 
to  the  expense  of  the  lining,  and  at  the  same  time  to  lessen  the 
area  of  the  tower,  for  such  a  small  matter,  which  can  be  easily, 
remedied  by  putting  on  a  patch  of  lead ;  the  lateral  pressure  of 
the  coke  would  only  be  avoided  by  making  the  lining  9  inches 
thick,  which  is  rarely  done,  as  it  wastes  too  much  space. 

The  foundations  of  the  tower  must,  of  course,  be  very  substan- 
tial, and,  if  possible,  constructed  in  such  a  way  that  any  acid  run- 
ning over  will  not  damage  them.  It  is  preferred  to  make  them 
high  enough  to  avoid  the  gas  from  the  last  chamber  having  to 
descend  towards  the  tower ;  if,  however,  the  chambers  are  very 
high  above  the  ground,  this  would  involve  considerable  diflBculty 
and  expense,  and  the  tower  is  then  raised  only  high  enough  above 
the  ground  to  leave  a  natural  fall  from  its  bottom  to  an  acid- tank, 
and  from  this  to  the  pumping-apparatus  for  the  nitrous  vitriol. 

The  packing  of  the  absorbing  column,  it  has  already  been  said, 
is  nearly  always  coke.  In  a  few  places,  instead  of  coke,  broken 
bits  of  earthenware  or  of  glass,  or  even  pieces  specially  moulded 
for  this  purpose,  are  employed,  or  very  thin  tubes  in  regular  layers, 
standing  upright.  The  former  have  too  little  action ;  the  latter  are 
good,  but  too  dear.  Coke  is  therefore  almost  universally  pre- 
ferred: owing  to  its  irregidar  shape  and  rough  surface,  its  low 
price,  and  its  long  duration,  it  is  both  the  cheapest  and  the  best 
medium  for  dividing  the  acid  into  as  small  drops  as  possible, 
and  thus  offering  to  the  gas  the  largest  possible  area  of  contact 
with  the  acid.  Coke  is  also  preferable  to  the  other  materials 
in  question  on  account  of  its  lightness.  Sometimes  it  is  stated 
that  coke  is  esteemed  useful  for  this  purpose  because  of  its 
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porosity;  but  this  is  erroneous.  In  the  first  place^  porous 
coke  is  worthless  for  a  coke-tower^  for  which  dense  coke  is 
indispensable ;  secondly,  the  pores  would  at  once  be  filled  with 
liquid,  which  thus  would  not  come  into  contact  with  the  gas 
passing  outside.  It  is  not  owing  to  its  porosity^  but  to  its 
rougher,  more  irregular,  and  therefore  much  lai^er  surface^  that 
coke  is  preferable  to  broken  glass  or  earthenware  &c. 

It  is  necessary  to  be  very  careful  in  the  selection  of  the  coke. 
Gas-coke  is  of  no  use  at  all  here,  only  the  hardest-burnt  oven-coke, 
giving  a  clear  ring  and  as  little  porous  as  possible,  of  a  silvery 
white,  not  of  a  dull  black.     It  must  be  carefully  packed,  and  all 
dull  black  pieces  rejected.     First  only  the  large  pieces,  a  foot 
and  upwards  in  length,  are  picked  out ;  these  are  placed  in  hori- 
zontal layers  directly  over  the  grating  of  the  tower,  crossing  each 
other  if  possible ;  each  piece  must  be  placed  by  hand,  inconvenient 
as  it  is  that  the  workman  has  to  be  lowered  down  from  the  top  to 
the  bottom  of  the  tower,  and  must  receive  his  material  in  the 
same  manner.     Thus  the  first  third  of  the  tower  is  packed ;  then 
come  the  pieces  next  in  size ;  and  for  the  last  third  the  smaller 
lumps  may  be  used,  and  may  be  simply  emptied  in  out  of  baskets. 
Nothing,  however,  is  allowed  to  go  into  the  tower  which  has  not 
been  sifted  on  a  riddle  with  three-inch  holes.     Unless  a  coke- 
tower  is  packed  most  carefully,  either  the  draught  through  it  will 
be  impeded,  or  there  will  be  too  much  way  left  for  the  gas,  or,  in 
the  most  frequent  and  worst  case,  the  packing  will  be  too  loose  in 
some  places  and  too  dense  in  others,  and  thus  there  wlQ  be  bad 
absorption  along  with  bad  draught. 

Soft  porous  coke  has  to  be  rejected  for  two  reasons :  first,  it 
cannot  support  the  pressure  of  the  superjacent  column  without 
being  crushed,  thus  stopping  the  draught;  secondly,  such  soft 
coke  is  soon  acted  upon  by  nitrous  vitriol  (which  has  next  to  no 
action  on  hard  coke),  and  is  ultimately  converted  into  a  thick  paste; 
this  is  very  bad  for  the  draught,  and  may  necessitate  repacking 
the  tower. 

The  above  general  remarks  must  now  be  supplemented  by  the 
description  of  a  few  apparatus  actually  constructed.  Firsts  we  shall 
give  a  description  of  the  Freiberg  coke-tower,  from  Schwanen- 
berg's  'Chemical  Products,'  pp.  384r-390.  Fig.  161  is  a  sectional 
elevation,  fig.  162  a  sectional  plan  of  the  apparatus  used  at 
Freiberg  for  the  recovery  of  the  nitrous  compounds^  on  a  scale  of 
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]  :  100.     Its  principal  portion  is  the  lead  tower  k,  5  feet  7  inebes 
wide  and  26  (eel  3  inches  high,  supported  by  a  timber  frame 
similar  to  that  of  a  lead  acid-chamber.     The  coTCTy  howerery  is 
not  burnt  to  the  sides,  but  can  be  taken  off.     It  consists  of  a 
wooden  frame,  lined  inside  with  lead,  with  a  flange  standing  np 
all  rriund  the  edge  ;  the  latter,  when  the  cover  is  put  on,  fits  into 
a  channel  worked   into  the  side  sheets,  which  are  tnmed  hori- 
zontally orer  the  crown-tree ;  by  filling  this  channel  with  sand  a 
tight  lute  is  produced.     On  the  bottom  of  the  chamber  a  kind  of 
grating   is   constructed   of  hard-burnt   fire-bricks,  consisting  of 
parallel  walls,  forming  channels  of  about  1  foot  8  inches  height 
They  arc  covered  in  such  a  way  that  between  the  covering-tiles 
empty  spaces   of  about  2^  inches   remain,    through   which  the 
gas  can  freely  pass  from  below  and  the  acid  from  above.     On  this 
grating  the  coke  is  packed,  with  which  the  tower  is  filled  close  up 
to  the  exit-tube  N,  the  lai^er  pieces  at  the  bottom  and  gradually 
smaller  ones  towards  the  top.     In  order  to  put  these  pieces  in 
more  conveniently,  three  man-holes  are  made  in  the  side,  consist* 
ing  of  wooden  frames  lined  with  lead  and  made  tight  with  putty  at 
the  joints.    From  the  last  lead  chamber  the  gas  arrives  in  the  tower 
through  the  pipe  J,  passing  on  its  way  the  valve-box  L,  which  allows 
it  to  be  taken  away  direct  through  the  tube,  without  any  interrup- 
tion of  work,  in  special  cases — for  instance,  repairing  or  repacking 
the  tower.     For  this  object  the  valve  b  is  opened  and  c  is  shut. 
If,  on  the  other  hand,  the  valve  b  is  shut  and  c  is  open,  the  gas 
first  goes  through  the  short  pipe  d  into  a  small  space  projecting  at 
the  bottom  of  the  tower  along  the  whole  of  one  of  its  sides  ;  from 
this  it  divides  itself  among  the  channels  below  the  grating,  and  then 
ascends  through  the  coke;   at  the  same  time  sulphuric  acid  of 
about  152°  Tw.  trickles  down  through  the  coke,  absorbing  the 
nitrous  acid  out  of  the  gas,  and  carrying  it  down  as  a  solution  of 
"  chamber-crystals  '^  or  "  nitrous  vitriol.''     The  gas  deprived  of 
nitrous  acid  goes  away  through  the  pipes  N  and  M ,  again  passing 
a  valve-box,  O,  which  serves  as  a  means  for  interrupting,  by  closing 
the  valve  e,  the  communication  between  the  tower  and  the  pipe 
M,  if  the  gas  is  not  to  go  through  the  tower,  but  direct  into  the 
pipe  M. 

ITie  nitrous  vitriol  runs  from  the  tower  through  a  tube/,  visible 
in  the  plan  fig.  162,  into  a  tank  B,  from  which  it  goes  into  the 
"  steam-column,''  in  which  its  nitrous  acid  is  driven  off  again  for 
further  use,  as  we  shall  sec  below. 
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At  the  Freiberg  works  the  above-described  tower  is  situated 
close  to  the  steam-column,  which  stands  beside  the  first  lead 
chamber,  into  which  the  nitric  acid  is  introduced.  This  arrange- 
ment causes  the  gas  escaping  from  the  last  lead  chamber  to  travel 
through  a  very  long  pipe  to  the  tower.  The  friction  in  this  pipe 
and  the  further  checks  caused  through  the  ascending  and  descend- 
ing of  the  gas  are  probably  the  reasons  why,  at  Freiberg,  it  has 
been  found  necessary  to  connect  the  exit-tube  M  with  an  aspirating 
chimney.  Schwarzenberg  is  against  the  use  of  a  chimney,  and 
prefers,  therefore,  to  place  the  apparatus  immediately  beside  the 
last  lead  chamber,  so  that  a  very  short  connecting-tube  takes  the 
gas  from  the  latter  into  the  tower,  and  a  long  lead  tube  the  nitrous 
vitriol  into  the  steam-column.  In  this  case  the  aspiration  of  the 
gases  through  a  chimney  is  unnecessary ;  they  can  be  taken  away 
direct  into  the  atmosphere  from  the  top  of  the  tower  through  a  pipe 
P,  of  which  a  piece  can  be  seen  in  fig.  161.  We  have  seen  before 
that  the  employment  of  chimney- draught,  which  Schwarzenberg 
rejects,  can  be  looked  at  in  a  very  different  way ;  and  we  have  re- 
marked that  the  draught  in  this  case  can  be  regulated  with  great 
ease,  and  the  '^  sight  '*  can  be  very  conveniently  placed.  Large 
sets  of  chambers,  indeed,  almost  regularly  work  with  a  chimney, 
and  do  better  than  small  sets  without  the  same.  Instead  of  the 
loose  cover  and  fixed  bottom  of  the  Freiberg  towers,  most  works 
prefer  a  fixed  cover  with  a  man-hole  hydraulically  luted  and  an 
independent  bottom  with  upstanding  sides,  similar  to  a  chamber- 
bottom.  Instead  of  the  grating  made  of  fire-bricks,  many  works 
have  a  kind  of  dry  arch  (see  below) .  In  a  few  cases  iron  rods 
covered  with  lead  are  used ;  but  these  cannot  be  recommended,  as 
the  lead  may  be  cut  in  some  places,  and  the  iron  would  then  be 
acted  upon. 

To  return  to  the  Freiberg  towers,  it  should  be  noted  that,  for 
the  observation  of  the  colour  of  the  gas  before  and  after  its  pas- 
sage through  the  tower,  two  glass  panes  are  placed  in  each  of  the 
two  valve-boxes  L  and  O,  opposite  to  each  other ;  or  a  portion  of 
each  of  the  two  tubes  J  and  N  may  be  made  of  glass.  The  gas 
ought  to  be  of  a  ruddy  colour  before  entering  the  tower,  and  per- 
fectly colourless  after  leaving  it. 

In  this  process  it  is  of  great  importance  that  the  supply  of  sul- 
phuric acid,  which  is  to  deprive  the  gases  of  their  nitrous  acid,  be 
exactly  regulated,  and  that  from  the  beginning  this  acid  be  spread 
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eqoaUy  oTer  the  coke ;  otherwise  too  much  snlphnric  acid  may  be 
used,  and  the  gas  may  pass  through  the  tower  without  giving  up 
the  whole  of  its  nitrous  acid.  Special  care  must  therefore  be 
taken  in  the  construction  of  the  apparatus  for  spreading  the  vitrioL 
In  the  Freiberg  towers  this  apparatus  consists  of  two  leaden  tanks, 
S  and  T  (fig.  161),  and  the  special  distribuing  arrangement  fixed  on 
the  cover  g.  The  vitriol  is  generally  charged  into  the  larger  tank 
S  firom  the  lower  part  of  the  works  by  means  of  a  pumping- 
apparatus^  consisting  of  an  air-tight  vessel,  into  which  air  can  be 
forced  by  means  of  a  pump,  which  then  forces  the  acid  upwards 
through  a  pipe,  h,  reaching  to  the  bottom  of  the  vessel.  This 
pumping-apparatus  will  be  described  in  detail  below.  The  pipe 
h  ends  at  the  tank  S  in  a  rose,  t,  made  of  "regulus''  metal 
(a  mixture  of  5  parts  of  lead  and  1  part  of  antimony) ;  this  rose 
serves  for  retaining  any  solid  bodies  suspended  in  the  acid, 
and  can  be  opened  at  the  top  in  order  to  be  cleaned.  From  the 
tank  S  the  vitriol  runs  through  a  tube  at  its  bottom  into  the 
smaller  tank  T;  the  supply  into  the  latter  is  regulated  auto- 
matically by  means  of  a  lead  float  suspended  from  an  arm  of  the 
beam  A:,  which  in  descending  lifts  a  conical  valve  suspended  from 
the  other  arm,  that  closes  the  running-off  tube  when  the  float 
rises  too  high.  The  tube  /  only  serves  for  taking  away  any 
excess  of  acid  in  case  of  an  irregular  working  of  the  float,  so  as  to 
avoid  any  running  over. 

From  the  smaller  tank,  T,  the  vitriol  runs  to  the  tower  i, 
where  it  has  first  to  pass  through  the  spreading-apparatus.  An 
ordinary  oscillating  bucket  was  formerly  used  as  such;  but  the 
quantity  of  acid  employed  is  so  small  that  the  oscillations  only  took 
place  at  pretty  long  intervals,  and  too  large  a  quantity  of  acid  was 
then  emptied  out  at  a  time ;  moreover  the  play  of  the  bucket  was 
often  interfered  with  from  mechanical  causes.  At  most  works, 
therefore,  it  is  no  longer  used.  Another  arrangement  (sketched  in 
fig.  161)  consists  of  four  series  of  four  dropping-tubea  each,  fixed 
in  the  top  of  the  tower  at  equal  distances ;  they  are  provided  with 
a  funnel  at  the  top  and  a  swan-neck  bend  at  the  bottom,  inside 
the  tower,  so  as  to  form  a  lute  against  the  outside  air  by  the  liquid 
remaining  in  the  bend.  The  vitriol  is  conveyed  to  these  drop-tubes 
by  the  tube  o,  which  divides  itself  into  two  arms,  running  each  be- 
tween two  tows  of  the  drop-tubes,  and  provided  with  a  small  tap  for 
each  of  the  latter,  so  that  each  small  tube  gets  its  special  supply  of 
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acid.  There  are  thus  sixteen  taps  for  the  regulation  of  the  flow 
of  vitriol.  This  is  a  very  faulty  arrangement;  for  it  is  next  to 
impossible  to  regulate  them  all  so  as  to  give  a  perfectly  equal 
supply  from  each^  considering  the  very  small  quantity  of  acid  that 
has  to  pass  through  them ;  and  both  the  taps  themselves  and  the 
bends  of  the  tubes  are  also  very  easily  choked  up. 

For  this  reason  another  arrangement  for  distributing  the  vitriol, 
which  was  first  applied  at  the  Aussig  chemical  works  by  Mr.  Schaff- 
ner,  and  has  turned  out  entirely  successful,  is  generally  preferred. 
In  this  the  supply  of  vitriol  is  regulated  by  a  single  tap,  which 
can  be  opened  wide  enough  not  to  be  choked  as  easily  as  the 
sixteen  small  taps  in  the  former  arrangement.  Fig.  163  (from 
Schwarzenberg)  represents  this  apparatus  on  a  scale  of  1 :  25.  In 
the  top  of  the  tower  there  are  again  sixteen  holes,  c,  through 
which  the  vitriol  trickles  onto  the  coke  below.  Each  hole  has  an 
upstanding  rim  about  IJ  inch  in  height,  which  is  covered  by  a 
lead  cap,  nicked  at  the  bottom  in  a  few  places  to  the  depth  of 
I  inch,  so  that  the  acid  can  pass  through  without  hindrance.  As 
soon  as  the  top  of  the  tower  is  covered  with  vitriol  to  the  depth  of 
that  rim,  the  vitriol  runs  over  into  the  inside  of  the  tower ;  but 
no  gas  can  escape  through  the  holes,  since  they  are  luted  with 
acid.  The  spreading  of  the  vitriol  is  effected  by  a  small  reaction- 
wheel  U,  fed  from  the  tank  T  by  the  tube  a  and  the  tap  b,  which 
regulates  the  supply.  The  lower  part  of  the  wheel  and  the  two 
arms  consist  of  lead ;  in  this  is  fixed  above  a  strong  glass  tube, 
and  below  another  short  glass  tube,  drawn  out  to  a  point  which 
runs  in  a  socket  of  glass  or  lead.  One  of  the  arms  is  also  fitted 
with  a  glass  tube,  from  which  the  vitriol  runs  out.  There  is  a 
guide,  consisting  of  two  parallel  rods  of  lead  or  of  wood  covered 
with  lead,  which  rest  on  frames  fixed  in  the  holes  a  a  of  the  top- 
frame,  and  on  which  four  glass  tubes  are  placed  close  to  the 
upright  column  of  the  apparatus,  so  that  they  form  a  square 
within  which  the  column  revolves.  As  soon  as  the  column  is 
filled  with  vitriol,  the  wheel  revolves  regularly,  the  liquid  running 
out  of  the  open  arm«  On  the  quantity  of  the  acid  run  in  depend 
the  height  to  which  the  column  is  filled  and  the  velocity  of  its 
revolution.  The  axle  of  ihf  wheel  is  exactly  in  the  centre  of  the 
tower  j  and  a  cylinder  of  lead  about  4  inches  in  height  is  burnt  to 
the  top  of  the  tower,  so  as  to  prevent  the  add  from  getting  to  the 
centre.     From  this  cylinder  sixteen  radial  ledges  d,  also  made  of 
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lead  and  burnt  to  the  top-lead  of  the  tower,  branch  off  at  equal 
distances.  These  are  continued  in  a  straight  line  as  far  as  the 
periphery  of  an  imaginary  circle,  beyond  which  the  wheel  cannot 
pour  out  any  acid,  and  then  alter  their  direction ;  so  that  between 
each  two  of  them  one  of  the  above-mentioned  sixteen  holes  is 
placed.  Thus  the  top  of  the  tower  is  divided  into  sixteen  com- 
partments, each  of  which  contains  an  opening  for  running  off  the 
acid,  and  all  of  which  arc  fed  by  the  wheel  with  an  equal  quantity 
of  acid. 

In  England  the  spreading-apparatus  is  generally  made  altogether 
of  lead ;  but  the  glass  one,  as  figured  by  Schwarzcnberg,  is  certainly 
more  mobile.  We  shall,  further  on,  give  detailed  drawings  of 
spreading-wheels  in  the  description  of  the  Glover  tower. 

Since  it  happens  now  and  then  that  the  reaction-tube  stops, 
especially  with  a  small  feed  of  acid,  the  arrangement  of  Seybel,  at 
Liesing  near  Vienna,  can  be  recommended,  by  which  the  wheel  at 
each  revolution  strikes  against  a  bell  audible  from  below. 

It  is  evident  that  the  regularity  of  the  supply  of  vitriol  to  the 
coke-tower  is  of  the  utmost  importance  for  its  good  working.  The 
whole  acid-chamber  process  is  so  constituted  that  its  course  must 
be  kept  as  continuous  and  uniform  as  possible,  and  the  large  bulk 
of  the  lead  chambers  in  this  case  serves  as  a  regulator,  similar  to 
the  air-vessel  of  a  blowing-engine,  so  that  the  gas,  on  leaving  the 
chamber,  issues,  or  at  least  ought  to  issue,  with  nearly  absolutely 
uniform  speed  and  composition.  In  similar  spaces  of  time  there  will 
therefore  be  a  similar  quantity  of  nitre-gas  leaving  the  chambers ; 
and  this  in  the  absorbing-tower  should  always  find  the  same  quan- 
tity of  vitriol,  lest  either  there  be  an  escape  of  nitre-gas  or  the 
nitrous  vitriol  come  out  too  weak.  But  if  the  vitriol  flows  out  of 
a  tank,  the  opening  of  the  tap  remaining  the  same,  the  flow  will 
be  much  quicker  at  the  beginning,  when  the  tank  is  full,  than  after- 
wards, when  it  is  partly  empty,  and  the  tower  will  thus  be  fed 
very  irregularly.  The  speed  of  outflow  of  liquids  decreases  in  the 
proportion  of  the  square  roots  of  the  heights  of  liquid  in  the  tank ; 
for  instance,  when  the  tank  is  filled  to  the  height  of  4  feet,  the 
flow  of  acid  will  be  twice  as  fast  as  when  it  only  stands  1  foot 
high — both  being  cases  which  often  happen  in  practice. 

In  order  to  secure  a  very  regular  supply  of  absorbing  acid  to  the 
tower,  several  arrangements  have  been  adopted,  apart  from  that 
described  above — for  instance^  Mariotte^s  vessel  (shown  in  fig.  164), 

2c2 


388  SBLPHtJBIC  ACID. 

aimilar  to  that  used  in  a  kind  oF  colza-oil  lamps.  The  vessel  Z  is 
placed  with  its  mouth  downwards  in  an  open  basin  £,  in  such  a 
maoncr  that  its  mouth  is  luted  by  the  vitriol  contained  in  the 
basin;  therefore  nothing  can  run  out  of  Z.     But  as  the  vitriol 

Fig.  164. 


runs  away  from  E  through  the  pipe  b  onto  the  coke-tower,  the 
level  of  K  is  lowered,  the  mouth  of  Z  becomes  free,  a  few  «r- 
bubblcs  enter,  and  acid  flows  out  till  the  original  level  is  reached, 
and  the  mouth  of  Z  is  luted  again.  The  valve  rf,  with  the  valve- 
rod  c  passing  through  a  stufUng-box,  serve  for  closing  the  mouth 
of  Z  during  the  time  that  this  vessel  is  being  fed  through  x. 

In  a  simpler  shape  the  same  principle  used  to  be  applied  some 
years  ago  in  a  few  English  alkali-woiks,  as  shown  in  fig.  165.  A 
is  a  pretty  large  leaden  vessel,  protected  against  collapsing  by  iron 
rods  covered  with  lead,  connecting  its  top  and  bottom ;  these  are 
required  because  the  air  in  A  is  at  a  lower  pressure  than  that  out-" 
side,  from  which  those  vessels  used  to  be  called  vacuum-retorti. 
They  are  filled  through  the  funnel  4,  the  air  escaping  through  d; 
b  is  then  closed  tightly  by  the  valve  c,  and  rf  by  a  stopper.  From 
the  cock  e,  made  of  antimony  and  lead,  which  must  close  air-tight, 
proceeds  a  pipe  i,  which  enters  and  descends  about  halfway  to  the 
bottom  of  the  small  vessel  B.  The  latter  has,  at  the  bottom,  an  exit- 
tube,/,  whose  bore  is  a  little  smaller  than  that  of  e.  When  the  cock  e 
is  opened,  acid  will  run  out  and  air  will  enter  into  A  at  the  same 
time ;  but  as  the  acid  cannot  run  out  of  /  as  fast  as  it  runs  is,  its 
level  will  rise  in  B,  and  as  soon  as  it  closes  the  month  of  i,  no 
more  acid  can  run  out  of  A,  because  no  air  can  enter ;  but  as  soon 
as  a  little  acid  runs  out  of/,  a  few  air-bubbles  will  get  into  A,  and 
a  corresponding  quantity  of  acid  will  run  out;  so  that  the  level 
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of  the  acid  in  B  will  remain  nearly  the  same  until  A  is  totally 
emptied.     The  acid,  therefore,  runs  out  of  /  constantly  under  that 


pressure  which  is  determined  by  the  vertical  distaoce  between  the 
mouth  of  t  and  the  junction  of/ — that  is,  in  a  uniform  jet.  It 
thus  gets  into  the  vessel  C,  and  from  this  through  the  iutermittent 
siphon^  (comp.  p.  31H)  into  the  coke-tower. 

The  vacuum-re  turts  have  been  abandoned  again,  because  their 
action  entirely  depends  upon  no  air  entering  the  vessel  A  other- 
wise than  through  the  cock  e;  in  any  other  case  the  vessel  B  must 
run  over,  and  the  action  of  the  apparatus  as  a  regulator  ceases 
altogether.  It  is,  however,  very  difficult  always  to  make  a  per- 
fecliy  air-tight  stopping  at  b  and  d;  and  therefore  overflowing 
often  happened.  Besides,  in  consequence  of  the  partial  vacuum 
in  A,  air  was  apt  to  enter  through  the  least  fault  in  soldering  the 
lead  &c. 

The  object  in  question  is  better  accomplished  by  the  balancing 
apparatus  shortly  described  above  after  Schwarzenbei^  j  it  shoU 
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now  be  explained  in  more  detail.     In  fig.  166,  A  is  the  large 
acid-tank  on  the  top  of  the  coke-torerj  made  of  wood  lined  with 


leadj  which  is  filled  from  time  to  time.  Beside  it  stands  a  lead 
cylinder  B  of  equal  height  and  12  inches  wide;  the  two  commu- 
nicate at  the  bottom  through  the  lead  pipe  a.  This  pipe  ends  in 
A  with  a  valve-acat  fi  of  hard  lead,  hored  out  in  a  taper  shape. 
In  this  plajs  a  ball  valve  c,  also  made  of  hard  lead  ("  regains  "), 
which  is  continued  below  into  a  small  guide-rod,  and  above  into 
the  lead-covered  iron  rod  d,  which  projects  above  A,  and  is  sus- 
pended by  a  short  chain  from  one  arm  of  the  balancing-beam  e. 
The  latter  swings  with  its  centre  on  a  steel  edge  /,  and  carries  on 
its  other  arm,  exactly  over  the  cylinder  B,  another  chain,  from 
which  a  leaden  bucket  ff  is  suspended  inside  B.  Acid  is  poured 
into  the  bucket  g  until  it  sinks  to  a  certain  depth  in  the  acid 
standing  in  B;  by  pouring  in  more  or  taking  out  some  of  the 
acid  in  ff  that  depth,  and  with  it  the  height  of  acid  in  B  itself  can 
be  regulated  at  any  time :  this  bucket  is  therefore  a  form  of  float 
preferable  to  the  solid  lead  float  figured  by  SchwanenbeiK.     Xhe 
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bucket  g  is  so  weighted,  and  the  length  of  the  chain  such,  that  at 
a  certain  height  of  acid  in  B  the  valve  c  must  close  the  opening  b. 
The  valve  c  with  the  rod  d  and  its  chain  is  about  as  heavy  as  the 
float  g  along  with  its  chain,  and  closes  the  opening  b  so  long  as  a 
portion  of  the  weight  of  g  is  neutralized  by  the  upward  pressure 
of  the  acid  in  B.  As  soon,  however,  as  the  cock  h  begins  to  run 
and  the  float  sinks  down,  the  rod  d  is  raised  by  means  of  the 
beam  e,  and  the  ball  valve  c  leaves  the  opening  b  free ;  thus  acid 
flows  across  into  B  through  a,  lifts  the  float  g,  and  c  sinks  down 
into  its  position,  closing  b  again.  Thus,  by  small  oscillations  of  e, 
always  the  same  quantity  of  acid  will  run  out  of  B  in  the  same 
time,  as  this  only  depends  on  the  weight  of  g  and  the  length  of  the 
chain,  but  is  independent  of  the  level  of  the  acid  in  A.  The  ends 
of  the  beam  e  are  shaped  as  segments  of  a  circle,  in  order  (by 
means  of  the  chains)  to  convert  their  circular  movement  into  a 
rectilinear  one  for  the  rod  d  and  the  bucket  g. 

The  above  apparatus,  as  it  has  hitherto  been  figured  in  books 
and  carried  out  in  many  works,  does  not  work  well,  and  has  even 
been  given  up  in  many  places  where  it  had  been  erected.  In  the 
first  place,  the  beam  is  usually  represented  swinging  on  a  pin 
which  passes  through  its  centre ;  but  then  the  friction  is  very 
great,  and  soon  becomes  greater  by  the  iron  rusting,  so  that  the 
beam  sticks  fast.  This  cannot  happen  if  the  arrangement  is  that 
shown  in  the  above  diagram,  viz.  a  steel  edge  like  those  of  delicate 
balances ;  when  plated  with  nickel  it  remains  free  from  rust.  But, 
above  all,  the  valve  c  ought  not  to  be  a  truncated  cone,  as  hitherto 
figured  in  the  books.  The  guiding  by  the  arc-shaped  arms  of  the 
beam  is  not  so  absolutely  vertical  that  a  conical  valve  cannot  now 
and  then  jam  itself  in  its  seat  during  its  play  upwards  or  down- 
wards ;  in  that  case  the  apparatus  ceases  to  work.  If,  however, 
the  valve  is  ball-shaped,  a  slight  deviation  from  the  vertical  does 
no  harm,  as  it  always  closes  the  hole,  and  jamming  fast  is  out  of 
the  question.  Whilst  those  manufacturers  who  had  erected  the 
above-mentioned  imperfect  apparatus  were  mostly  induced  to'  give 
it  up  again  on  account  of  its  constantly  breaking  down,  the  arrange- 
ment figured  here  works  with  the  greatest  ease  and  regularity,  and 
can  be  highly  recommended.  At  some  of  the  largest  works,  from 
not  being  acquainted  with  the  right  way  of  making  the  apparatus, 
they  have  abandoned  automatic  regulation  altogether,  and  leave  it 
to  the  workmen  to  set  the  running-off  tap  of  the  acid-tanks  accord- 
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ing  to  the  level  of  the  acid — a  very  rude  method,  which,  according 
to  the  explanation  just  given,  there  is  no  reason  for  retaining. 

Whenever  "  lead-covered '^  iron  rods  are  mentioned^  it  shonid 
be  understood  that  for  this  purpose  the  iron  rod  is  put  into  a 
pressed  lead  tube  of  convenient  bore,  and  both  ends  of  the  latter 
are  soldered  up. 

It  will  rarely  be  possible  to  feed  the  acid- tank  on  the  top  of  the 
absorbing-tower  with  concentrated  vitriol  by  natural  fall;   where 
the  concentration  takes  place  in  the  Glover  tower,  that  possibility 
is  excluded  from  the  outset.       There  is  therefore  need  for  an 
apparatus  to  force  the  acid  up  to  the  top  of  the  absorbing-tower  i 
the  same  apparatus  will  also  serve  for  forcing  the  nitrous  vitriol 
and  the  chamber-acid  to  the  top  of  the  denitrating-tower.     Ordi- 
nary force-pumps  cannot  be  employed  here,  because  these  cannot 
be  made  without  using  metals  which  are  acted  upon  by  the  acids, 
at  least  not  for  such  quantities  as  have  to  be  treated  in  this  case. 
Fortunately  we  have  two  metals  which  resist  the  vitriol  very  well, 
viz.  cast  iron  and  lead,  and  with  the  aid  of  these  an  apparatus  can 
be  constructed  in  which  the  force-pump  acts  only  indirectly,  via. 
through  the  compression  of  a  column  of  air,  which  thus  enters  into 
the  forcing-apparatus  proper,  and  conveys  the  acid  to  any  desired 
height.    A  similar  principle  has  been  employed  long  since  in  sugar- 
works,  where  there  is  an  equaUy  good  reason  for  avoiding  direct 
pumping,  viz.  that  such  pumps  cannot  be  kept  quite  clean,  and 
would  spoil  the  sugar-liquors  by  the  acids  generated  in  them.    The 
liquids  are  therefore  pumped  up  by. running  them  into  a  small 
upright  steam-boiler,  from  whose  bottom  a  delivery-pipe  rises  up- 
wards, and  by  admitting  steam  at  the  top,  whose  pressure  forces 
the  liquid  upwards  in  the  delivery-pipe  until  the  apparatus  is 
quite  emptied.     As  the  liquids  in  sugar-works  are  mostly  treated 
at  a  boiling  heat,  they  are  not  excessively  diluted  by  condensed 
steam. 

In  sulphuric-acid  works  it  would  not  do  to  proceed  precisely  in 
the  same  way ;  for  the  strong  acid  would  instantly  condense  the 
entering  steam,  and  thus  there  would  not  only  be  no  pressure  upon 
it,  but  it  would  actually  have  a  sucking  action,  and  it  would  at  the 
same  time  become  very  much  diluted  and  very  warm,  and  therefore 
useless  for  absorbing  the  nitrous  gas.  It  has  certainly  been  suir- 
gested  (see  Kerl-Stohmann^s  Chemie,  3rd  ed.,  vi.  p.  239)  to  connSt 
the  pressure-apparatus  with  another  boiler,  and  to  admit  steam  into 
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the  latter ;  it  would  then  cause  a  sudden  expansion  of  air  in  the 
second  boiler^  and  this  would  press  on  the  surface  of  the  acid  in  the 
first  boiler,  and  force  it  up  in  the  delivery-pipe.  If  such  an  arrange- 
ment has  really  been  introduced  into  practice,  it  must,  for  all  that, 
be  very  little  adapted  to  the  purpose ;  there  will  be  incomparably 
more  steam  used  in  this  way  than  suffices  for  working  an  air-pump, 
and  a  portion  of  the  steam  will  certainly  pass  over  into  the  pres- 
sure-apparatus and  dilute  the  acid  within  it. 

The  ordinary  plan  of  working  (introduced  about  1838  by  Harri- 
son Blair,  according  to  Richardson  and  Watts's  ^  Chemical  Tech- 
nology,^ vol.  i.  pt.  V.  p.  217)  is  this,  to  convey  air  compressed  by 
an  air-pump  or,  more  properly  speaking,  by  a  small  blowing-engine 
into  the  pressure- apparatus,  above  the  surface  of  the  acid,  exactly 
similar  to  the  way  in  which  every  chemist  in  his  wash-bottle  forces 
the  liquid  up  in  the  outlet-tube  by  blowing  air  in  through  another 
tube.  In  this  there  is  no  special  limit  of  height,  so  long  as  the 
apparatus  is  made  strong  enough  to  resist  the  pressure  and  the  air- 
pump  is  sufficiently  powerful. 

The  air-pumps  arc  generally  constructed  in  this  way: — ^The 
steam-cylinder  and  the  air-cylinder  are  both  fixed  on  a  common 
horizontal  ground-plate,  or  cast  in  one  piece  with  the  same ;  they 
are  then  worked  by  a  common  piston-rod  with  a  piston  at  each 
end.  A  cross-head  sliding  between  motion-bars  gives  the  neces- 
sary guidance ;  and  a  pretty  heavy  fly-wheel  secures  regular  action. 
The  dimensions  of  the  pump  are  chosen  according  to  the  sise  of  the 
works ;  for  a  set  of  chambers  of  from  140,000  to  200,000  cubic  feet 
a  steam-cylinder  of  8  inches  diameter,  an  air-cylinder  of  12  inches 
diameter,  and  a  stroke  of  18  inches,  with  from  40  to  60  revolutions 
per  minute,  suffice  for  pumping  all  the  nitrous  vitriol,  concentrated 
acid,  and  chamber-acid.  The  compressed-air  pipe  in  this  case  has 
1^  to  1^  inch  bore.  Much  care  has  to  be  taken  of  the  valves  of 
these  pumps  :  if  they  work  with  too  much  noise,  they  last  only  a 
very  short  time ;  but,  in  any  case,  a  second  pair  must  always  be 
ready  for  putting  on  when  the  first  give  way.  The  author,  at  his 
works,  sent  the  exhaust-steam  of  the  engine  into  the  steam-pipe 
for  the  chambers,  the  steam-boiler  belonging  to  which  worked  at 
only  10  lb.  pressure  per  square  inch ;  thus  the  steam  for  pumping 
the  acid  was  got  for  next  to  nothing,  since  only  the  difference  of 
pressure  before  and  behind  the  steam-cylinder  had  to  be  made 
good  by  consumption  of  fuel. 
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The  air-pipe,  whicli  must  be  made  of  very  strong  lead  tabing,  is 
not  conducted  direct  from  the  air-pump  to  the  pTessure-apparattu, 
because  in  that  case  acid  would  inevitably  be  squirted  back  into 
the  air-cylinder  and  soon  ruin  the  valres;  but  the  air-pipe  is 
carried  upwards  a  distance  of  firom  10  to  13  feet,  and  then  u 
much  downwards,  before  entering  the  acid-vessel.  Close  to  the 
air-cylinder  a  small  branch  tube  with  a  cock  is  soldered  od,  in 
order  to  let  out  the  air  wlicn  the  pumping  is  finished.  Sometimei 
there  is  also  a  pressure-gauge  fixed  to  it :  but  this  is  not  of  mnrh 
use;  for,  in  the  first  place,  it  is  soon  destroyed  by  the  violent 
oscillations  at  every  stroke  of  the  piston  and  by  the  acid  fumes; 
and,  secondly,  the  workman  can  judge  much  more  convenient^ 
than  by  looking  at  the  gauge,  from  the  noise  of  the  pump  and  the 
valves,  whether  it  works  easily  or  heavy — that  is  to  say,  with  much 
or  little  pressure. 

The  acid-vessel  serving  as  pressure-apparatus  is  made  in  various 
forms.     At  the  commencement  (and  even  now  in  many  place*)  it 
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was  made  in  the  shape  of  a  soda-water  bottle,  as  shown  in  fig.  167, 
afterwards  as  a  horizontal  cylinder  (fig.  168}  with  bolteil-<m  ocmn; 
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but  it  is  now  more  usually  as  aliown  in  fig.  169,  a  horizontal  cylinder 
with  one  semicircular  and  one  neck-shaped  end,  the  latter  closed 
by  a  man-hole  door.  These  vessels  are  called  "  acid-eggs."  The 
vessels  like  fig.  168  arc  usually  lined  with  lead ;  those  like  figs.  167 
and  169  are  not.     lu  England  experience  has  everywhere  shown 
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that  it  is  needless  to  protect  the  cast-iron  of  the  acid-rgg  hy  a  lining 
of  lead ;  even  the  nitrous  vitriol  and  the  chamber-acid  of  122°  TV, 
act  so  little  on  cast  iron  that  such  a  protection  becomes  unneces- 
sary. The  author  has  found  an  acid-egg,  after  five  years'  con- 
tinuous use  for  all  three  kinds  of  acid,  in  entirely  good  working- 
order.    Liniug  with  lead  has  this  drawback,  that  as  soon  as  a  little 
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air  enters  between  the  lead  and  the  cast  iron  by  the  smallest  possible 
chink  the  lead  is  driven  away  from  the  iron  in  many  places^  and  its 
protecting  action  becomes  quite  illusory^  whilst  the  contents  of  the 
egg  are  diminished. 

The  horizontal  has  the  advantages  over  the  vertical  shape: — 
first,  that  no  well  is  needed  for  the  acid-egg,  which  may  lie  on  the 
floor  and  thus  be  accessible  all  round ;  secondly,  that  in  the  case 
of  excessive  pressure,  the  weakest  part  (viz.  the  man-hole)  being 
situated  sideways,  the  acid  squirting  out  is  not  so  likely  to  do 
damage  to  men  and  machinery  as  in  the  case  of  squirting  oat 
vertically,  especially  if  the  cylinder  is  at  once  laid  with  the  man- 
hole turned  away  from  the  machinery. 

In  fig.  169,  A  is  the  acid-egg,  whose  walls  are  2  inches  thick  ; 
b  is  the  neck,  with  the  man-lid  a  fixed  to  it  by  bolts  and  nuts; 
a  thick  india-rubber  washer  makes  the  joint  tight;  c  is  a  recess 
at  the  bottom  of  A,  into  which  the  delivery-pipe  g  projects,  in 
order  to  expel  the  contents  of  A  as  completely  as  possible ;  d^e, 
and /are  three  branch  pipes,  d  for  introducing  the  acid,  e  for  the 
air-pipe,  and  /  (the  widest  of  them)  for  the  delivery-pipe.     The 
pipes  have  each  a  strong  lead  flange  soldered  to  it,  which  rest  on 
the  flanges  of  the  branches  d,  e,  f;  by  putting  loose  iron  washers 
on  the  top,  and  screwing  all  three  together  by  bolts  and  nuta,  the 
joint  becomes  perfectly  tight.     The  inlet  branch  d  may  be  left 
open  and  closed  after  each  filling  by  a  small  plate  bolted  on;  but 
in  most  cases  there  is  an  inlet  valve  for  the  acid,  of  the  shi^ 
shown  in  fig.  170.     (The  plain  stoppers  with  lever-rods,  figured  in 
Muspratt's  'Chemistry,'  cannot  support  any  great  pressure*)  A  and 
B  are  acid-tanks,  which  need  not  be  placed  so  close  to  the  pressure- 
valve  C  as  they  are  represented  in  the  diagram.     C  is  a  cylinder 
of  strong  lead,  about  10  inches  wide,  whose  top  is  at  a  level  with 
the  top  of  the  tanks,  but  which  is  deeper  than  these,  so  that  they 
may  communicate  with  C  through  the  pipes  a  and  b,  connected 
with  their  bottoms,     a  and  b  end  in  the  bottoms  of  the  tanks  with 
valve-seats  of  "regulus'^  metal,  and  are  usually  closed  by  taper 
valves  with  long  lead-covered  handles :  there  is  no  pressure  upon 
these  exercised  from  below ;  and  therefore  they  need  not  be  pro- 
vided with  any  special  contrivance  against  this.  When  it  is  necessary 
to  run  the  contents  of  these  two  tanks,  or  that  of  a  third  tank,  not 
visible  in  the  diagram,  but  similarly  communicating  with  C,  into 
the  acid-egg,  the  respective  bottom-stopper  is  taken  out^  the  hot- 
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tom-valve  c  in  C  also  remaiiuDg  open.  The  latter  valve,  which 
must  be  very  well  ground  into  its  reguloa  seat,  communicates 
througb  the  pipe  d  with  the  corresponding  inlet  hranch  of  the 
acid-egg.  On  the  top  it  is  connected  with  the  lead-covered  iron 
rod  e,  which  ends  ahove  ia  a  BCrew-worm  e*,  and  can  he  turned 
by  means  of  the  hand-wheel  /.    A  very  strong  iron  frame,  g  g,  with 
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a  female  thread  corresponding  to  the  worm  e',  is  bolted  to  the 
bottom -joists,  i  i ;  both  the  timber  and  the  iron  rods  must  be  very 
strong,  as  there  is  a  good  deal  of  strain  upon  them  in  screwing  the 
valve  in  and  out.  As  the  cylinder  C  is  equal  in  height  to  A  and 
B,  it  can  never  run  over;  and  when  the  acid  in  C  stands  at  the 
same  level  as  that  in  the  tank,  the  valve  c  is  screwed  down  tightly 
by  means  of  the  hand-wheel,  the  corresponding  stopper  ia  put  into 
its  seat  in  the  tank,  and  the  air-pump  is  started.     The  whole 
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pressure  of  the  acid^  which  has  sometimes  to  be  lifted  to  a  height 
of  100  feet,  will  then  act  from  below  on  the  valve  c ;  and  unless  the 
latter  has  been  screwed  down  perfectly  tight,  the  acid  will  squirt 
out  vehemently.  Although,  with  a  little  care  on  the  part  of  the 
workman,  this  should  never  happen,  yet  several  accidents  caused  by 
men  being  splashed  with  acid  have  led  to  providing  the  cylinder 
with  a  cover  and  a  stuffing-box,  ky  through  which  the  rod  e  passes ; 
the  splashing  does  then  no  harm,  as  the  acid  cannot  get  out.  At 
the  same  time  the  stuffing-box  serves  as  a  guide  for  the  valve-rod, 
which  would  otherwise  have  to  be  provided  in  some  other  way. 
Sometimes  (not  always)  there  is  a  small  pipe  provided  for  taking 
any  acid  squirted  out  into  one  of  the  three  tanks.  In  this  way 
the  same  acid-egg  can  serve  for  pumping  strong  acid,  nitrous 
vitriol,  and  chamber-acid  out  of  their  respective  tanks  one  after 
another. 

A  self-acting  apparatus  for  filling  the  acid-eggs,  constructed  by 
Mr.  Harrison  Blair,  which,  Mr.  Mactear  says  (Journ.  Soc,  Arts, 
1878,  p.  558),  works  well,  is  shown  here  according  to  the  descrip- 
tion in  Richardson  and  Watts's  j^    y^^ 
'Chemical  Technology,^  vol.  i. 
part  V.  p.  217.    A  (fig.  171 )  is  a 
strong  cylinder  of  lead  closed 
at   both   ends     [probably  cast 
iron  would  be  preferable] ;  B  a 
valve-box,  and  C  a  delivery-pipe,  into  which  the  pipe  D  enters  a 
little  above  the  vessel.     D  is  continued  to  E,  where  it  passes  to  the 
inside  of  the  vessel,  and  joins  D  at  the  lowest  part.     G  is  the  pipe 
which  brings  the  air  from  the  pump.     So  long  as  D  contains  no 
liquid,  the  air  from  the  vessel  will  pass  through,  and  by  thus  pre- 
venting any  pressure  on  the  liquid  in  the  vessel,  it  will  be  filled 
through  the  valve-box.     When  the  vessel  is  full,  the  egress  of  the 
air  through  F  being  stopped  by  the  liquid,  the  latter  will  be  forced 
up  E  (being  lower  than  F),  which,  acting  as  a  siphon,  fills  D  and 
effectually  stops  the  passage  of  air.    As  the  pressure  of  air  increases, 
the  liquid  rises  up  the  delivery-pipe  and  is  conveyed  to  any  required 
point,  while  the  liquid  in  D  falls  with  the  level  of  that  in  the  vessel^ 
until  this  sinks  below  the  bend  in  D,  when  the  air  rushes  through, 
carrying  with  it  all  the  liquid  out  of  D.     This  leaves  a  free  passage 
for  the  escape  of  air  during  the  time  the  vessel  is  again  being  fill^, 
the  air-pump  working  the  whole  of  the  time. 
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As  soon  as,  m  the  ordiDary  kind  of  apparatus,  the  pumping  is 
finished,  the  air-pump,  to  which  now  no  resistance  is  offered, 
begins  all  at  once  to  go  extremely  fast,  and  draws  by  its  noise  the 
attention  of  the  workman  to  the  necesaity  of  stopping  it.  Directly 
after,  the  air-cock  in  the  pipe  conducting  the  compressed  air  to 
the  acid-egg  ia  opened.  Nevertheless  some  compressed  air  accom- 
panies the  last  portions  of  the  acid  and  rushes  vehemently  out  of 
the  top  of  the  delivery-pipe;  and  in  order  to  prevent  the  acid  from 
being  thrown  about  a  special  contrivance  must  be  adopted,  for 
instance  that  shown  in  fig.  172.     A  leaden  cylinder,  open  at  top 
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and  bottom,  stands  within  the  tank  A;  it  is  jagged  out  at  the 
bottom  in  a  few  places;  and  the  holes  a  a  higher  up  also  help  to 
give  free  communication  between  B  and  A.  Also  the  top  of  B  is 
cut  out  pretty  deeply  in  a  few  places  (i  i) .  Within  B  the  per- 
forated plate  c  is  suspended  by  a  few  lead  strips,  1 1 ;  the  whole  is 
covered  by  a  loose  cover  d  d,  which  is  kept  at  a  little  distance 
from  the  top  of  B  by  the  lead  strips,  so  that  the  air  can  escape 
between  them,     d  has  a  flange  of  8  in,  depth ;  in  the  centre  it 
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carriea  a  short  tube  e,  to  which  the  "  regtilus  "  cock  of  the  delivery- 
pipe  h  is  humt.  Since  it  ia  extremely  difficult  to  keep  such  a  cock 
tight,  especially  under  great  pressure,  it  ia  surrounded  below  by 
the  pipe  g,  which  also  joins  into  d,  and  thus  carries  away  the 
droppings.  This  contrivance  acts  in  the  following  way.  When 
the  acid  forced  up  through  A  arrives  at  the  top,  it  runs  through/ 
and  e,  theu  through  tlie  sieve  c  and  into  the  cylinder  B,  whence  it 
easily  passes  through  into  A.  But  in  the  last  stage,  when  com- 
pressed air  arrives  at  the  same  time  with  the  acid,  the  latter  cannot 
be  squirted  about,  nor  can  the  current  of  air  act  upon  the  surface 
of  the  acid  within  the  tank  so  as  to  splash  it  about ;  for  it  is  broken 
hy  the  sieve  c  and  escapes  through  the  openings  of  c  and  the 
annular  space  below  d  without  doing  any  damage  ;  the  acid  accom- 
panying it  runs  quickly  down  through  the  sieve  c.  The  cock/and 
the  pipe  g  are  required  only  whea  a  single  acid-egg  has  to  feed 
several  tanks  placed  at  a  considerable  distance  from  each  other,  for 
instance  one  on  the  absorbing- tower  and  two  on  the  Glover  tower; 
for  then  the  delivery-pipe  must  be  divided  into  two  parts,  and  each 
must  be  provided  with  a  stop-cock,  only  that  leading  to  the  working 
tank  being  opened.  If,  however,  the  tanks  to  be  filled  are  placed 
close  together,  no  cocks  are  required,  but  the  simpler  arrangement, 
fig.  173,  can  be  employed,  which  can  also  be  made  much  smaller 
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than  (for  the  sake  of  clearness)  it  has  been  drawn  here.     Within 
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the  same  lead-lined  box  A  there  is  a  special  compartment  B  con- 
structed by  means  of  a  lead  partition,  a,  and  cover,  b.  The  side  of  B 
is  jagged  out  at  the  bottom  at  c  c,  in  order  to  communicate  with  A. 
The  delivery-pipe  joins  into  the  cover  b ;  the  air  rushes  against  the 
sieve  e  and  escapes  out  of  the  pipe /without  doing  any  harm.  In 
the  bottom  of  A  there  are  three  valve-seats,  g,  h,  and  t,  connected 
with  as  many  pipes  leading  to  different  tanks ;  but  only  one  of  the 
valves  is  left  open  at  a  time ;  the  two  others  are  closed  by  plugs, 
and  the  tanks  communicating  with  them  tliereforc  receive  nothing. 

In  smaller  works  tliere  is  usually  only  one  acid-egg,  which  serves 
for  pumping  all  the  strong  acid,  nitrous  vitriol,  and  chamber-acid, 
one  after  another.  In  this  case  the  air-pump  has  nothing  to  do 
during  the  time  that  the  c^^  is  getting  filled  from  one  of  the  tanks ; 
but  if  the  cubic  contents  of  the  chambers  do  not  exceed  200,000  cub. 
feet,  there  is  time  enough  for  that.  But  where  the  chamber-space 
is  larger,  there  will  be  at  least  two  acid-eggs  required,  of  which 
one  usually  serves  for  the  strong  acid  and  nitrous  vitriol,  the  other 
for  the  chamber-acid ;  in  that  case  the  same  air-pump  can  do  all 
the  work  if  the  air-delivery  pipe  is  provided  with  two  branches  and 
two  stop-cocks,  one  of  the  eggs  always  getting  filled  whilst  the 
contents  of  the  other  egg  are  being  pumped  up ;  the  air-pump  is 
thus  fully  utilized. 

Instead  of  the  Gay-Lussac  coke-tower  in  some  works,  but  rarely 
in  large  ones,  and  altogether  only  exceptionally,  absorbing-appa- 
ratus similar  to  IFouffe's  bottles  are  used.  Such  an  apparatus  is 
represented,  after  Schwarzenberg,  in  figs.  174  &  175,  in  elevation 
and  plan,  on  a  scale  of  1 :  50.  It  consists  of  from  30  to  40  jars, 
k,  about  3  feet  high,  made  of  stoneware  and  well  burnt.  They  are 
connected  together  by  pipes  made  of  the  same  material,  which  are 
put  into  the  necks,  c,  and  made  tight  with  oil  cement.  The  gas  from 
the  last  lead  chamber  is  deprived  of  moisture  as  much  as  possible  in 
the  box  a ;  it  then  traverses  the  jars,  which  are  filled  to  about  one 
third  with  vitriol  of  152°  Tw. ;  the  gas  yields  up  its  nitrous  acid  to 
the  vitriol,  and  is  carried  away  at  d  into  a  chimney.  In  order  to  fill 
the  jars  more  conveniently,  funnel  tubes,  h,  are  put  in  through  the 
openings/,  which  reach  down  almost  to  the  bottom  of  the  jars,  so 
that  they  are  luted  by  the  vitriol :  the  latter  is  run  ofiF  by  the  cocks 
g.  The  vitriol  remains  24  hours  in  each  series  of  the  jars.  The  first 
series  is  emptied  daily ;  and  each  jar  is  filled  up  again  with  the  con- 
tents of  the  corresponding  jar  of  the  second  scries ;  the  jars  of  the 
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second  series  receive  the  contents  of  the  third,  and  the  latter  fresh 
vitriol.  To  facilitate  this,  the  second  series  should  be  placed  at  a 
higher  level  than  the  first,  and  the  third  scries  higher  than  the 
second,  so  that  the  acid  can  run  away  at  once  into  the  jars  of  the 
next  lower  series,  A  special  tank  feeds  the  top  series. 

In  the  place  of  Woulfe's  jars  some  works  use  large  dishes,  a, 
fig.  176,  covered  with  bell-jars,  which  are  connected  by  wide  pipes,  c. 


Fiff.  17C. 


This  arrangement  lias  the  advantage  that  the  single  pieces  of  the 
apparatus  can  be  made  more  easily  and  cheaply  and  of  larger  size, 
and  that  tlie  ritriol  flows  by  itself  through  all  the  dishes  of  the 
apparatus,  which  are  placed  teri'ace-wise,  in  a  direction  opposite  to 
that  of  the  current  of  gas. 

This  kind  of  apparatus  is  certainly  much  cheaper  than  coke- 
towers,  but  is  so  inferior  to  them  in  its  absorbing  action  that  it  is 
not  at  all  adapted  for  a  large  scale  of  working. 

After  the  above  explanations  very  little  need  be  said  on  the 
working  of  the  absorb'mg-tower.  The  following  points  have  to  be 
observed  in  this : — 

Tlic  gas  entering  the  tower  must  show  a  distinctly  red  colour  in 
the  "  sight ;"  on  the  other  hand,  the  exit  "  sight,"  behind  which 
a  board  painted  white  ought  to  be  placed,  should  show  a  perfectly 
colourless  gas.  The  gas  escaping  from  the  top  of  the  tower,  or  of 
the  chimney  connected  with  it,  ought  not  to  produce  red  vapours 
when  it  meets  the  outer  air.  Furthermore  the  chamber-gas 
before  entering  the  tower  should  be  as  dry  and  as  cool  as  possible, 
lest  the  absorbing  acid  be  diluted  or  heated.  For  this  purpose  the 
last  chamber  receives  very  little  steam,  so  that  its  acid  remains 
at  about  100°  Tw. ;  moreover  the  gas  is  often  conducted  through  a 
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long  pipe  or  a  tunnel,  or  into  a  shallow  box  with  several  vertical 
partitions  (as  shown  in  figs.  174  and  175  at  a),  where  it  has  to  go 
backwards  and  forwards.  In  these  cooling-apparatus  water  maybe 
applied  outwardly  to  assist  the  cooling,  especially  in  summer  time* 
Sometimes  the  bottom  of  the  box  is  covered  with  strong  vitriol, 
in  order  to  dry  the  gas ;  this,  however,  to  a  certain  extent,  only 
anticipates  the  tower.  The  sulphuric  acid  serving  for  absorption 
must  show  at  least  14  i°  Tw. ;  but  this  is  only  a  minimum,  which 
ought  to  be  exceeded,  if  possible ;  acid  of  148°  absorbs  much 
better,  that  of  150°  or  152°  Tw.  much  better  again;  wherever  it 
can,  acid  of  152°  Tw.  will  be  taken  for  the  absorption.  Such  acid 
can  be  got  without  any  difficulty  from  the  Glover  tower — with 
more  difficulty  from  pans  placed  on  the  top  of  the  pyrites-burners, 
where  the  acid  rarely  gets  beyond  144-°.  Schwarzenberg  even  pro- 
poses to  use  acid  of  170°  Tw.,  because  it  absorbs  three  times  as 
much  as  that  of  141°;  but  this  is  out  of  the  question,  owing  to  the 
large  additional  cost  of  concentrating  from  152°  to  170°. 

Above  every  thing  care  must  be  taken  that  the  acid  used  for  ab- 
sorbing is  as  cool  as  possible.     Hot  acid  absorbs  very  badly ;  much 
nitre  is  lost  (especially,  according  to  AVinkler,  hyponitric  acid,  more 
than  nitrous  acid) ;  and  at  the  same  time  a  weak  nitrous  vitriol  is 
produced.     It  is  therefore  necessary  cither  to  provide  a  very  large 
tank  for  cooling  the  vitriol  concentrated  in  pans  or  in  the  Glover 
tower,  before  it  is  employed  in  the  Gay-Lussac  tower;  or,  as  the 
cooling  by  mere  exposure  to  the  air  is  a  very  slow  process,  espe- 
cially in  summer,  and  in  large  works  enormous  tanks  would  be 
required  for  it,  special  cooling- apparatus  is  employed.     As  such 
many  works  use  double  spouts — an  outer  one  filled  with  water, 
and  an  inner  one,  in  whi(.'h  the  hot  acid  runs.     In  this  case  it  is 
rarely  possible  to  apply  the  rational  principle  of  running  the  cool- 
ing water  in  a  current  opposite  to  that  of  the  acid  to  be  cooled, 
because,  on  account  of  the  length  of  the  spouts,  there  is  no  fall 
for  this.     Such  double  spouts  also  have  a  disagreeable  tendency 
to  swell  out  at  the  bottom  whenever  a  little  more  pressure  takes 
place,  because  the  lead  when  hot  loses  part  of  its  strength,  which 
in  any  case  is  not  considerable.     This  drawback  can  be  avoided 
by  the  arrangement  sketched  in  fig.  177,  viz.  by  attaching  -p.    ,«- 
to  the  spout,  at  about  every  30  feet  of  its  length,  a  tube 
rising  perpendicularly  from  the  double  bottom  through  the      aJm 
upper  spout  and  bending  over  the  side  of  the  latter  ;  the      ^"^ 


RECOVERY  OP  THE  NITROGEN  COMPOUNDS. 


405 


water  can  issue  out  of  this,  iu  case  of  stronger  pressure,  without 
mixing  with  the  acid.  The  upright  tube  also  serves  for  the  escape 
of  the  air-bubbles  which  are  often  contained  in  the  water,  and  which 
may  stop  the  stream  as  well  as  cause  the  spout  to  bulge  out. 

Among  the  various  contrivances  for  cooling  the  strong  acid, 
which,  in  spite  of  their  great  diversity,  have  nearly  all  one  com- 
mon feature,  that  of  an  extreme  liability  to  break  down,  the  fol- 
lowing apparatus  is  at  English  works  considered  one  of  the  most 
practicable.  Fig.  178  shows  a  sectional  elevation  through  the  line 
AB  of  the  plan ;  fig.  179,  a  section  through  CD ;  fig.  180,  a  sectional 
plan.     The  diagram  is  on  a  scale  of  1  :  25  ;  but  the  cooling-trough 
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Fig.  180. 


and  its  pipes,  as  a  rule,  must  be  longer  than  represented  here  (in 
order  not  to  extend  the  diagram  too  much).  For  a  weekly  make  of 
100  tons  of  acid,  for  instance,  the  trough  ought  to  be  20  feet  long. 
It  is  4  feet  wide  and  2  feet  high,  and  lined  with  lead ;  two  vertical 
lead  partitions  divide  it  into  three  compartments — two  small  ones, 
a,  bj  at  the  ends,  and  one  large  one,  c,  iu  the  middle,    a  and  b  cou- 


406  SULPHURIC  ACID. 

tain  acid,  c  water ;  a  and  b  are  connected  by  about  20  lead  tubes^ 
dd,  of  1 J -inch  bore,  which  are  burnt  into  the  cross  partitions  and 
stay  them  at  the  same  time,  so  that  the  partitions  can  easily  resist 
the  pressure  of  the  liquids.  The  hot  acid  runs  in  through  the 
pipe  e,  collects  in  the  compartment  A,  and  runs  across  to  the  com- 
partment a  through  the  pipes  d  d,  in  order  to  run  away  through  the 
pipe/.  Cold  water  runs  into  the  inner  box  c  through  g ;  and  the 
hot  water  leaves  it  again  through  h.  The  flow  of  acid  through  the 
great  number  of  pipes  is  only  slow ;  and  the  acid  thus  has  time  to 
give  up  its  heat  to  the  cooling-water.  The  vertical  tubes,  i  i 
(3i  inches  wide),  attached  one  to  each  of  the  tubes  dd,  and  pro- 
jecting above  the  level  of  the  water  in  c,  serve  for  giving  an  outlet 
to  the  gas  going  along  with  the  hot  acid,  and  also  for  blowing 
through  the  pipes  in  cases  of  stoppage.  This  apparatus,  which  was 
first  constructed  by  Mr.  Stuart,  now  of  the  Hebburu  alkali-works, 
is  usually  emptied  and  cleaned  and  examined  every  three  weeks; 
the  cooling-water  should  be  daily  tested  several  times  for  acid  with 
litmus-paper.  The  acid  is  thus  easily  cooled  down  from  130°  Cat 
€  to  37° C.  at/,  and  can  be  used  for  absorption  at  the  latter  tem- 
perature without  any  fear,  whilst  even  at  50°  C.  its  absorbing- 
power  is  sensibly  less,  and  of  course  still  less  at  a  higher  tempera- 
ture. In  another,  larger  manufactory,  there  is  a  trough  of  1 00  feet 
length  by  i  feet  wide ;  the  acid,  first  cooled  from  132°  down  to 
100°  C.  in  a  double  spout,  is  further  cooled  in  the  trough  down  to 
15°  C,  the  apparatus  cooling  the  acid  for  three  sets  of  chambers  of 
140,000  cubic  feet  each. 

A  much  simpler  but  perfectly  efficient  cooling-apparatus  exists 
in  the  works  at  Aussig,  Stolberg,  and  others.  The  acid  runs  out 
of  the  Glover  tower  immediately  into  a  cylindrical  trough  of  thick 
lead,  about  2  feet  high  and  wide,  and  runs  out  of  it  again  through 
a  pipe  coming  away  from  its  bottom  and  turned  upwards.  In  the 
trough  there  is  a  narrowly  wound  lead  coil,  through  which  cold 
water  is  continually  running  from  above ;  getting  heated  in  the 
bottom  part  of  the  coil,  it  rises  up  and  is  taken  away  hot  at  the 
top.  The  cooling  here  generally  goes  down  to  40°  C,  and  is  sup- 
plemented by  letting  the  acid  stand  in  tanks ;  but  30°-35°  C. 
might  easily  be  attained.  This  is  a  very  rational  method  of  cooling, 
because  the  hot  acid  running  in  at  the  top  comes  into  contact  wiA 
the  upper,  hot  part  of  the  water-coil,  whilst  the  acid  ultimately 
flowing  away  from  the  bottom,  which  is  already  cooled  down  to  a 
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great  extent,  is  cooled  still  further  by  the  cold  water  in  the  bottom 
of  the  coil. 

In  ordinary  circumstances  the  absorption  in  the  Gay-Lussac 
tower  requires  at  least  one  half  of  all  the  acid  produced.  This 
is  got  from  the  Glover  tower  without  any  other  cost  but  that 
of  pumping  up ;  in  the  case  of  other  denitrating  apparatus  the  cost 
of  concentration  has  to  be  added  to  this.  Frequently  the  necessary 
quantity  of  absorbing-acid  is  stated  at  a  lower  figure — ^for  instance, 
as  one  third  of  the  whole  production;  but  this  in  most  cases  is 
certainly  insufficient,  and  no  doubt  a  large  loss  of  nitre  would  be 
the  consequence  of  it.  On  the  other  hand,  manufacturers  working 
with  Glover  towers,  who,  apart  from  the  trifling  expense  of  pump- 
ing, have  no  concentrating-expenses  at  all,  send  all  their  acid  once 
a  day  through  the  Gay-Lussac  tower.  This  is  quite  right.  Bode 
('On  the  Glover  Tower,'  p.  49)  calculates  that,  with  a  loss  of  4 
parts  of  nitre  or  I'/o  of  N4O3  to  100  parts  of  acid  of  170°  Tw.,  the 
absorption  requires  at  least  56  per  cent,  of  all  the  acid  of  144° 
manufactured,  if  very  strong  nitrous  vitriol  (with  1*75  per  cent, 
of  N3OJ  is  to  be  obtained.  Such  strong  nitrous  vitriol,  however, 
is  not  obtained  in  ordinary  working ;  and  therefore  considerably 
more  than  5C  per  cent,  of  all  the  acid  manufactured  must  be  run 
through  the  Gay-Lussac  tower  in  order  not  to  lose  any  nitre. 

The  nitrous  vitriol  (that  is,  the  acid  issuing  at  the  foot  of  the 
Gay-Lussac  tower)  should  only  be  about  2°  Tw.  weaker  than  the 
strong  acid  fed  in  at  the  top ;  otherwise  too  much  moisture  has  got 
into  the  tower.  It  is  essentially  a  solution  of  chamber-crystals 
(nitrosulphonic  acid)  in  sulphuric  acid;  but  it  may  also  contain  a 
little  hyponitric  or  nitric  acid.  According  to  some  chemists  it 
contains  considerable  quantities  of  the  latter  acids  (hyponitric  acid, 
or  rather  nitrogen  tetroxide  is  in  no  case  present  as  such,  but  at 
once  decomposes  into  nitrous  and  nitric  acids);  but  the  author 
has  found  the  contrary  in  all  the  nitrous  vitriols  analyzed  by  him. 
When  properly  treated,  nitrous  vitriol  ought  to  be  very  little 
coloured,  and  ought  to  smell  very  little  of  nitrous  acid ;  but  on 
being  diluted  with  water,  especially  hot  water,  it  ought  to  effervesce 
strongly  and  to  give  off  thick  red  vapours.  At  a  few  works  this 
rough  test  is  considered  sufficient  for  judging  of  the  quality  of  the 
nitrous  vitriol ;  but  at  all  the  better  works  it  is  properly  tested  in 
the  laboratory,  according  to  one  of  the  methods  described  in  a  pre- 
vious chapter  (p.  59  et  seq,),  which  can  be  accomplished  in  a  very 
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short  time ;  the  best  are  the  permanganate  and  the  mercury  methods. 
With  the  help  of  these  it  can  be  seen  from  day  to  day  whether  the 
percentage  of  nitre  increases  or  decreases.  In  the  former  case^  if 
the  other  tests  of  the  chamber-process  agree  with  it,  this  is  an  in- 
timation that  some  of  the  nitre  must  be  taken  off;  in  the  latter 
case  this  test  will,  better  than  any  other,  show,  before  any  damage 
had  been  done,  that  more  nitre  is  wanted.  In  any  ease  nitrous 
vitriol  ought  not  to  contain  less  than  1  per  cent,  of  N^Os;  aboTC 
2^  per  cent,  it  is  too  strong,  and  there  is  danger  of  nitrous  gas 
escaping  without  being  absorbed,  which  can  be  controlled  by  the 
colour  of  the  exit-"  sight.^'  In  this  case  more  strong  acid  must 
be  charged  at  the  top ;  and  if  there  is  an  excess  of  nitre-gas  in  the 
chambers,  a  little  less  nitre  must  be  used. 

The  exact  composition  of  nitrous  vitriol  has  been  determined  by 
several  chemists.  Winkler  found  in  a  tower-acid  of  the  Habbriieke 
works  (near  Freiberg) : — 

Sulphuric  anhydride  60-200 

Water 37191 

Nitrous  acid,  N^Og     2*550 

Nitric  acid,  N2O5    0-256 

Organic  colouring- matter  0-022 

100-219 

Kolb  (Bull.  Soc.  Mulhouse,  1872,  p.  235)  gives  the  following 
analyses : — 

Density  of  acid     1-714  1*721 

Sulphuric  acid,  S04Hg 76'7  75-8 

Nitrous  acid,  N2O3  1-6  3*17 

Nitric  acid,  NgO^ 09  1*14 

Lead  sulphate,  PbS04 0006  traces 

These  results  can  hardly  be  accepted  as  certain,  so  far  as  the 
nitric  acid  is  concerned,  since  the  author  has  shown  (Chem.  News 
xxxvi.  p.  147)  that  the  nitric  acid  found  by  Winkler  and  Kolb  has 
probably  been  generated  during  the  analyses,  as  Winkler  himseU 
considers  to  be  possible.  The  author  found,  both  in  artificially 
prepared  nitrous  vitriol,  and  in  samples  obtained  from  the  Uetikon 
works  near  Ziirich,  from  the  Dienze  works  in  Alsace-^Loraine  and 
from  the  works  of  G.  C.  Zimmer  near  Mannheim^  no  nitrie  add 
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whatever,  but  merely  nitrous  acid — for  instance,  in  the  acid  from 
Uetikon,  whose  spec.  grav.  at  15°  C.  was  1*691,  2*44  per  cent,  (by 
weight)  of  N2O3,  corresponding  to  5*46  per  cent,  of  nitrate  of  soda. 
Latterly  Hurter  (Dingler's  Journal,  ccxxvii.  p.  472)  and  Davis 
(Chem.  News,  xxxvii.  p.  125)  assert  that  they  have  found  more  or 
less  NO2  in  nitrous  vitriol ;  but  the  mode  of  testing  may  have 
affected  the  result  here  also. 

The  success  of  the  working  of  the  Gay-Lussac  towers  depends 
above  every  thing  upon  the  proper  regulation  of  the  draught.  If  the 
di'aught  is  insufficient,  the  chamber- process  will  from  the  outset  be 
injured  by  the  continual  leakage  of  gas  and  by  all  the  other  draw- 
backs enumerated  before,  and  especially  by  the  behaviour  of  the 
pyrites  in  burning.  In  that  case  the  Gay-Lussac  tower  itself  will 
not  work  properly ;  for  unless  oxygen  be  present  in  the  last 
chamber  before  the  gas  leaves  it,  there  will  be  unoxidizcd  nitric 
oxide  left,  which  will  pass  through  the  tower  un  absorbed  and  only 
form  red  vapours  when  issuing  into  the  outer  air.  At  the  same 
time  there  will  be  sulphurous  acid  present  in  this  case ;  and  this 
acts  still  worse,  since  it  decomposes  the  nitrosulphonic  acid  still 
present  in  the  vitriol  with  which  the  coke  in  the  tower  is  soaked^ 
and  carries  away  its  nitre  as  nitric  oxide.  If  the  waste  gas,  as 
previously  insisted  upon,  contains  5  or  6  per  cent,  of  free  oxygen, 
the  above  cannot  happen  to  an  appreciable  extent,  except  in  the 
presence  of  much  arsenious  acid  (see  Chap.  XV.) . 

If,  on  the  other  hand,  tlie  draught  is  too  strong,  therefore  with 
poor  kiln-gas,  the  sulphurous  acid  will  not  have  time  to  condeuse 
within  the  chambers  as  sulphuric  acid  ;  it  will  partly  get  into  the 
tower,  and  there  cause  the  decomposition  just  mentioned  and  loss 
of  nitrous  compounds. 

In  both  cases,  therefore,  the  same  consequence  will  happen  as  if 
the  last  chamber  did  not  contain  an  excess  of  nitre- gas ;  and  if  nitre 
is  too  much  economized,  it  will  indeed  be  wasted  all  the  more  in 
the  way  just  described,  the  sulphurous  acid  driving  off  the  nitrogen 
of  the  tower-acid  into  the  air  in  the  shape  of  nitric  oxide. 

Such  a  faulty  working  of  the  tower  will  announce  itself  by  the 
escape  of  red  vapours  out  of  the  chimney,  by  the  tests  of  the  tower- 
acid,  and  even  by  its  appearance,  since  the  vitriol,  which  otherwise 
is  nearly  or  quite  colourless,  turns  of  a  dark  purple,  and  is  filled 
with  countless  small  bubbles  of  nitric  oxide,  at  the  same  time 
getting  heated  by  the  formation  of  sulphuric  acid  (Bode^  in  a  note 
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to  the  translation  of  H.  A.  Smith's  pamphlet^  p.  122).  It  is 
therefore  the  worst  case  of  all,  if  alternately  sulphurous  acid  gets 
into  the  tower  and  the  reverse.  In  that  ease  uitroos  vitriol  is 
alternately  produced  and  decomposed  again.  When,  however,  sul- 
phurous acid  constantly  passes  into  the  tower,  there  is  no  absorp- 
tion of  nitre-gas  at  all,  and  the  tower  in  this  case  does  not  act 
as  an  absorbing  apparatus,  but  simply  as  a  continuation  of  the 
chamber-space  (Bode,  ib.  p.  121-).  This  proves,  as  Bode  justly 
remarks,  that  one  improvement,  viz.  the  recovery  of  the  nitrous 
acid,  necessarily  led  to  another,  viz.  to  a  better  condensation  of 
the  sulphurous  acid,  or  a  better  yield  on  the  sulphur  burnt. 

Merely  for  the  sake  of  completeness  be  it  mentioned  that  several 
other  plans  have  been  proposed  for  utilizing  the  nitre-gas  escaping 
from  the  chambers.  Not  one  of  them  has  ever  possessed  any  prac- 
tical value ;  and  they  can  hardly  be  said  to  possess  even  an  historical 
value,  since  they  have  never  been  employed  except  in  a  few  isolated 
cases.  Kuhlmann,  for  instance,  employed  30  Woulfe's  bottles,  the 
first  ten  of  which  were  filled  with  water,  the  second  ten  with  a 
solution  of  barium  nitrate,  and  the  third  ten  with  barium  carbo- 
nate suspended  in  water;  the  mixture  resulting  in  the  last  ten 
bottles  was  used  in  the  second  ten  bottles,  where  barium  sulphate 
(^'  permanent  white  "  or  "  blanc  fixe  '^)  was  precipitated.  Others 
have  used  milk  of  lime,  ammoniacal  liquor,  or  even  pure  water 
for  the  absorption  of  the  acid  vapours.  All  these  plans  are  so  very 
much  less  advantageous  or  complete  than  Gay-Lussac's  process 
that  they  cannot  at  all  compete  with  it. 

Denitration  of  the  Nitroics  Vitriol. 

The  operation  going  on  in  the  Gay-Lussac  towers,  or  in  the  jar 
apparatus  serving  for  the  same  purpose,  and  whose  final  result  is 
the  production  of  an  acid  more  or  less  charged  with  nitrous  com- 
pounds, viz.  the  "  nitrous  vitriol,^^  requires  for  its  necessary  com- 
plement another  operation,  by  which  the  nitrous  vitriol,  which  by 
itself  has  no  practical  use,  can  be  reintroduced  into  the  chamber- 
process,  both  in  order  that  the  absorbed  nitrous  compounds  may 
be  restored,  and  that  the  sulphuric  acid  originally  employed  may 
be  recovered  in  a  pure  state.  It  cannot  be  denied  that  Gray- 
Lussac  was  not  sufficiently  successful  in  completing  his  invention 
(which  has  been  so  important  and  useful  for  the  manufacture  of  sol- 
phuric  acid)  in  this  particular ;  and  it  is  more  than  probable  that 
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the  slow  spread  of  his  process,  nay,  even  the  far  &om  excep- 
tional abandonment  of  it  where  it  had  been  introduced  in  the  first 
instance,  must  be  attributed  to  the  fact  that  the  denitration  of  the 
nitrous  acid  was  attended  with  too  many  difficulties,  expenses,  and 
breakdowns  of  apparatus.  The  invention  of  the  Glover  tower, 
which  docs  away  with  all  this,  must  therefore  be  considered  almost 
equally  important  with  that  of  the  Gay-Lussac  tower  itself;  and  in 
fact  the  general  introduction  of  the  latter  only  dates  from  the 
time  when  manufacturers  were  able  to  combine  it  with  the  Glover 
tower. 

The  various  contrivances  for  denitrating  nitrous  vitriol  have 
been  described  and  criticised  thoroughly  and  in  detail  by  Fr.  Bode, 
in  1876,  in  a  paper  "  On  the  Glover  Tower,*'  which  obtained  the 
great  prize  of  the  Berlin  Society  for  the  Promotion  of  Industry ; 
and  this  essay  has  been  used  to  a  great  extent  in  the  following  de- 
scription. Bode's  paper  has  also  been  published  by  instalments  in 
*  Dingler's  Journal,'  vols,  ccxxiii.  to  ccxxv. 

The  methods  for  denitrating  nitrous  vitriol  are  founded,  on  the 
one  hand,  on  diluting  it  either  with  hot  water  or  steam,  or  with  a 
combination  of  both,  or,  on  the  other  hand,  on  the  action  of  sul- 
phurous acid,  mostly  along  with  a  certain  amount  of  dilution.  That 
in  these  cases  the  nitrosulphonic  acid  is  completely  decomposed, 
either  by  the  dilution  or  the  action  of  the  sulphuric  acid,  has  been 
proved  in  detail  at  tlie  beginning  of  this  Chapter  from  theoretical 
investigations.  We  shall  now  treat  of  the  apparatus  and  modes  of 
procedure  employed  in  practice  for  that  purpose. 

One  of  the  oldest  apparatus  was  described  in  Payen's  '  Chimie 
Industricllc,'  and  has  been  copied  out  of  this  into  most  text-books; 
it  may  be  called  the  '^  shelf  apparatus/'  It  is  described  in  Schwar- 
zenberg's  work  as  follows  : — 

"This  operation  can  be  carried  out  in  a  small  lead  chamber, 
shown  in  fig.  181  in  section  at  B.  The  nitrous  vitriol  is  first  con- 
veyed into  the  tank  F,  placed  above  the  chambers,  and  from  this 
flows  into  the  chamber  through  the  cock  e  (by  which  its  flow  is 
regulated)  and  the  bent  funnel  tube  d.  The  chamber  is  pro- 
vided with  horizontal  shelves,  a,  over  which  the  acid  runs  down. 
They  are  burnt  to  the  chamber-walls  on  three  sides ;  and  on  the 
fourth  side  there  is  a  small  upstanding  margin,  /,  for  retaining  a 
layer  of  liquid  about  4  inches  in  depth.  The  gas  eaters  the 
chamber  direct  from  the  sulphur-burner  through  the  tube  C,  a 
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little  above  the  bottom  of  the  chamber ;  the  pipe  b  introduce*  the 
necessary  steam  in  the  same  place.     The  latter  decomposes  the 


liquid  standing  on  the  shelves  a,  whilst  passing  over  its  sur&ce, 
carrying  along  the  gases.  On  the  top  the  gaseous  mixture,  aloug 
with  the  nitrous  acid  set  free,  passes  through  the  pipe  E  into  the 
lai^e  lead  chamber,  whilst  tl.c  sulphuric  acid  deprived  of  nitrous 
acids  runs  through  c  into  the  bottom  of  the  same  ehamber." 

Another  apparatus,  constructed  on  the  same  principle  as  that  jost 
described,  is  the  "  Denitrificateur  "  proposed  by  Gay-Lussac  1dm- 
self.  It  is  a  lead  column  of  square  or  circular  section,  provided 
with  a  grating  a  little  above  the  bottom,  and  packed  with  coke  on  the 
top  of  this.  The  nitrous  acid  runs  in  at  the  top,  and  is  scattered 
by  means  of  a  rose.  Below  the  grating  the  gas  of  the  sulphur-  or 
pyrites-bumerB  enters  and  meets  the  nitrous  vitriol  descending;  at 
the  same  time  either  a  jet  of  steam  is  introduced  separately^  or  the 
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gas  is  previously  conducted  through  tanks  filled  with  water,  in  order 
to  be  saturated  with  moisture. 

In  these  apparatus  the  dcnitration  evidently  took  place  by  the 
joint  action  of  the  steam  and  the  sulphurous  acid.     The  acid  ought 
to  arrive  at  the  bottom  entirely  free  from  nitrogen  compounds ; 
but  it  is  so  dilute  that  it  can  only  be  run  into  the  chambers.    Such 
apparatus  are  hardly  to  be  found  in  use  in  any  place  now-a-days, 
for  good  reasons.     Since  the  acid  is  in  them  diluted  to  the  same 
extent  as  in  the  process  of  denitrating  by  hot  water  or  steam  alone, 
they  present  no  advantage  over  the  latter ;  indeed  they  were  in  the 
first  instance  replaced  by  the  latter  processes.     But  the  apparatus 
just  described  have  this  drawback,  that  they  last  a  very  short  time, 
on  account  of  the  rapid  destruction  of  the  lead.     The  destructive 
action  is  always  very  strong  in  the  first  chambers,  which,  even 
under  the  best  conditions,  and  in  the  presence  of  a  Glover  tower, 
suffer  more  than  the  remaining  chambers,  and  have  to  be  made  of 
thicker  lead  if  they  are  to  last  as  long.   The  reason  of  this  is  partly 
the  heat  of  the  gas,  partly  the  nitrous  compounds  themselves.     It 
is  evident  how  much  more  of  this  action  must  take  place  in  a  very 
small  chamber,  such  as  the  "shelf  apparatus'^  or  Gay-Lussac's 
'^  Denitrificatcur.^'     The  worst,  however,  of  these  apparatus  is  that 
the  steam  introduced  into  them  necessarily  leads  to  the  condensa- 
tion of  very  dilute  sulphuric  acid  and  nitric  acid  on  the  sides  of  the 
apparatus,  which  must  rapidly  corrode  the  lead.    Bode  calls  atten- 
tion to  another  very  important  circumstance.      Considering  the 
small  size  of  the  chambers  serving  as  shelf  apparatus  or  d^nitrifi- 
catcurs,  any  changes  in  the  chamber-process,  in  the  composition  of 
the  kiln-gas,  of  the  supply  of  steam,  of  the  outer  temperature,  &c, 
must  be  felt  in  them  very  much  more  than  in  a  large  lead  chamber. 
Therefore,  from  time  to  time,  stronger  nitrous  vitriol  wiU  condense 
on  the  walls,  and  be  diluted  directly  after  by  an  increased  con- 
densation of  water,  and  thus  become  charged  with  nitric  acid. 
As  every  practical  man  knows,  the  interior  walls  of  a  working 
lead  chamber  are  always  covered  with  a  white  slimy  lining  of  lead 
sulphate,  which  holds  back  acid  like  a  sponge,  but  at  the  same 
time  protects  the  lead  from  further  action,  until  such  time  as  the 
acid  is  diluted  by  condensed  steam,  gas  is  given  off^  from  it,  and 
the  slimy  mass  of  lead-sulphate  is  loosened  and  washed  off^,  where- 
upon the  lead  is  again  exposed  to  fresh  attacks.     The  older  deni- 
trating-apparatus,  therefore,  were  doomed  to  very  rapid  destrue- 
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tion,  because  tliey  employed  the  simultaneous  action  of  sulphuroiu 
acid  and  of  steam. 

In  England,  most  manufacturers  passed  over  to  diluting  the 
nitrous  vitriol  in  separate  small  boxes  vith  water  and  steam,  irhilst 
on  tbe  Continent  usually  "  steam  columns  "  or  "  cascades  "  were 
preferred.  The  English  arrangement,  such  as  was  almost  general 
up  to  a  few  years  ago,  and  which  has  only  been  thrown  into  the 
background  by  the  Glover  tower  is  shown  in  fig  182  a  is  a 
lead  vessel,  about  1  foot  high  and 
18  inches  wide,  which  stands 
within  the  lead  chamber,  very 
near  the  inlet  for  the  kiln-gases 
Three  pipes,  b,  c,  and  d,  lead  into 
a,  passing  through  the  side  of  the 
chamber  and  burnt  into  it.  Of 
these  b  conveys  steam,  c  water 
and  d  nitrous  vitriol;  c  and  d  end 
in  funnels,  through  which  the 
liquids  run.     The   steam  comes       i  '  j 

from  a  steam-boiler.     The  vessel       ^ — ^ —^ 

a  is  first  filled  with  water;  this  is 

then  heated  to  the  boiling-point  by  steam  ;  and  now  steam,  water, 
and  nitrous  vitriol  are  admitted  in  such  proportions  that  the  latter 
is  completely  dcnitrated  before  it  can  ran  over  out  of  the  box  a. 
The  proximity  of  the  gns  coming  from  the  pyritcs-bumcrs  acts  in 
this  way:  the  escaping  oxides  of  nitrogen  are  at  once  spread 
through  the  chamber  and  are  mixed  with  the  other  gases ;  and  at 
the  same  time  that  gas  protects  the  lead  against  corrosion. 

More  perfect  is  the  arrangement  nsual  on  the  Continent,  where 
the  denitration  takes  place  on  cascades,  entirely  similar  to  those 
described  previously  (p.  309),  only  with  the  addition  of  a  contri- 
vance for  introducing  hot  water,  which  is  visible  at  a  in  fig.  144,  on 
page  31.'>.  This  is  a  wrought-iron  box,  with  an  outlet-cock,  in 
which  water  is  always  kept  at  the  same  height  by  means  of  a  higher 
tank  with  a  self-acting  float-coek,  or  in  any  other  convenient  way. 
The  water  in  a  is  heated  by  means  of  a  steam-pipe.  It  is  cheaper 
to  put  the  waste-cock  for  the  water  condensing  in  all  the  chamber 
steam-pipes  over  the  vessel  a,  wherever  the  levels  admit  of  it ;  then 
warm  water  will  be  got  without  any  expense.  Furthermore,  in  this 
case  a  porcelain  dish  is  set  on  the  top  of  the  cascade,  into  which 
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the  nitrous  acid  and  warm  water  are  poured  out,  lest  through  the 
heat  generated  in  mixing  the  strong  acid  and  the  hot  water  the  ma- 
terial of  the  cascade  itself  should  suffer.  The  pot  e  is  also  here  very 
useful  in  order  to  take  samples  for  testing  the  strength  and  the 
degree  of  denitration  of  the  acid.  The  latter,  when  arriving  at  the 
bottom,  ought  to  show  at  most  110°,  better,  according  to  Bode, 
only  100*^  Tw.,  to  make  sure  that  it  is  completely  denitrated ; 
exactly  the  same  holds  good  of  the  steam-columns,  to  be  described 
directly. 

The  denitration  by  steam  alone,  or  by  steam  with  very  little  water, 
takes  place  in  the  so-called  steam-columns,  of  which  Schwarzenberg 
has  described  one  of  the  most  usual  forms  as  follows : — 

'^  Fig.  183  represents  a  steam-column  on  a  scale  of  1 :  25.  In  the 
diagram  a  piece  of  the  side  is  cut  out  to  show  the  interior  of  the 
apparatus.  It  consists  of  a  cylinder  about  11  feet  6  inches  high 
and  3  feet  wide,  standing  on  a  solid  piece  of  masonry.  It  is  made 
of  strong  sheet-lead,  and  composed  of  three  pieces,  whose  joints,  at 
a,  b,  are  burnt  together.  The  bottom.  A,  is  imited  to  the  cylinder 
in  the  same  way.  Four  strong  iron  hoops,  c,  increase  its  stability. 
In  order  to  protect  the  lead  against  the  corrosive  action  of  the  hot 
acids,  it  is  provided  with  a  lining,  B,  of  hard-burnt  fire-bricks,  which 
are  specially  moulded  for  this,  and  ground  together  so  as  ta  make 
a  tight  joint.  The  joints  are  grouted  with  a  mortar  made  of  ground 
fire-clay.  On  the  top  the  steam-column  is  closed  tight  by  means  of 
a  slab  of  fire-clay  resting  on  the  brick  lining.  In  the  centre  of  the 
cover  the  lead  pipe,  D,  serves  for  feeding  the  column  with  nitrous 
vitriol.  Its  funnel  is  closed  with  an  acid  lute.  Beside  this  the 
stoneware  pipe,  E,  is  put  tight  into  the  cover,  for  taking  the 
nitrous  acid  away  into  the  chamber.  Sometimes  these  pipes  are 
surrounded  by  a  jacket  of  lead,  in  order  to  avoid  any  interruption 
of  work  by  their  cracking.  The  steam  is  introduced  into  the  column 
through  the  pipe  F,  near  its  bottom,  at  such  a  height  that  the  mouth 
of  the  steam-pipe  remains  above  the  sulphuric  acid  collecting  there. 
This  mouth  is  covered  up  and  built  round  with  bricks  in  such  a  way 
that  proper  channels  remain  for  the  steam  and  the  acid.  On  the 
top  of  this  the  column  is  filled  with  bits  of  flint  nearly  up  to  its 
cover ;  they  are  about  the  size  of  a  fist  near  the  bottom,  and  decrease 
towards  the  top  to  the  size  of  a  walnut.  In  the  place  of  these  some 
wopks  use  bits  of  broken  stoneware.  The  nitrous  vitriol  running 
in  at  the  top  trickles  down  through  the  bits  of  flint,  and  is  decom- 
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posed  in  this  way  by  the  rising  steam.  Whilst  the  nitrous  acid 
given  off  from  it  goes  away  into  the  chamber  through  the  pipe  E 
in  the  state  of  vapour,  the  sulphuric  acid,  diluted  by  the  condensed 
water,  arrives  at  the  bottom  of  the  steam- column,  and  runs  through 
the  pipe  G  into  the  tank  H.  The  pipe  C  is  so  bent  as  to  remain 
always  luted  by  the  acid/^ 

According  to  Bode,  this  column,  at  the  Royal  Saxon  factories  at 
Freiberg,  suffices  for  a  system  producing  125  cwt.  of  sulphuric 
acid  of  170°  Tw.  in  24  hours.  He  further  remarks  that  the 
bottom  of  the  cylinder  is  not  joined  to  the  lead  saucer  A,  but 
stands  loose  in  it.  lie  also  says,  very  justly,  that  the  fire-bricks 
forming  the  lining  must  be  boiled  in  coal-tar,  and  joined  with 
tar  mortar,  not  with  ground  fire-clay  alone.  Such  ground  fire-clay 
would  not  only,  as  Bode  says,  be  washed  out,  but  it  might  swell, 
by  the  formation  of  aluminium  sulphate,  and  lift  off  the  cylinder- 
cover.  The  tar  mortar  is  made  by  kneading  together  finely  ground 
fire-clay  with  coal-tar,  thickened  by  boiling.  It  must  form  a  per- 
fectly homogeneous,  plastic  mass — which  is  effected  on  a  small 
scale  by  beating  with  a  mallet,  on  a  larger  scale  by  grinding  under 
edged  runners. 

In  a  large  factory  near  Newcastle  there  existed,  till  1873,  steam- 
columns  consisting  of  a  cast-metal  pipe  3  feet  wide  and  9  feet  high, 
with  a  lining  of  lead  and  another  lining,  inside  the  first,  of  thin 
bricks  (2  inches),  and  a  packing  of  flints.  Since  then  they  have  been 
replaced  by  a  Glover- tower  steam-columns. 

There  are  also  steam-columns  made  without  a  lead-jacket;  but 
they  cannot  then  be  built  up  of  bricks,  but  must  consist  of  a  single 
piece.  Bode  figures  such  a  column,  erected  by  Dr.  Gilbert  at  Ham- 
burg (fig*  184).  Its  inner  diameter  is  1  foot  3i  inches,  its  height 
13  feet  1  inch.  It  consists  of  two  gas-retorts,  a  a,  made  tight  at 
the  joint,  after  heating  the  same,  by  asphalt.  The  bottom,  A,  and 
the  cover,  c,  are  formed  of  round  fireclay-slabs ;  the  latter  contains 
an  opening  for  the  stoneware  pipe  d  for  carrying  off  the  nitre-gas 
and  the  excess  of  steam  into  the  chamber.  The  nitrous  vitriol  enters 
at  e,  the  steam  at/,  and  the  denitrated  sulphuric  acid  runs  off  at^. 
The  retorts  are  surrounded  by  the  cylinders  h  h,  of  ^-inch  cast  iron, 
which  are  bolted  together  and  to  the  cast-iron  top-  and  bottom- 
plates.  A  space  of  1  ^  inch  remains  between  the  cast  iron  and  fire-clay, 
and  is  filled  with  melted  asphalt  having  a  very  high  fusing-point. 
The  column  is  filled  with  bits  of  flint ;  the  mouth  of  the  steam-pipe 

2e 


SULPHCRIC  ACID. 


IB  protected  by  loose  bricks.  This  apparatus  has  been  in  operation 
for  five  years  without  giving  any  trouble,  and  has  supplied  a  set 
making  6  tons  of  acid  of  170°  IV.  in  24  hours. 


In  otlier  works  the  steam-columua  are  made  much  smaller,  vhich 
agrees  with  Eode's  views.  In  ^Viirtz's  '  Dictionary  of  Chemistry,' 
iii.  p.  157,  Schcurcr-Keatner  figures  a  column  made  of  a  piece  of 
lava  6  feet  6  inches  high,  and  only  8  inches  wide  inside,  2  feet  oat- 
side,  filled  with  broken  glass.  Otherwise  it  offers  no  peculiarities. 
The  simplest  and  cheapest  for  this  object  are  stoneware  Woulfe's 
bottles  of  about  55  gallons  capacity,  as  shown  in  figs.  185—187 
{after  Bode) .     They  are  filled  with  bits  of  flint.     Of  the  two  bottom 
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branches,  a  and  b,  one  serves  for  running  off  the  dilute  acid,  the 
other  for  the  steam -pipe.  The  nitrous  gas  escapes  through  the  two 
pipes  c  c,  joined  to  the  jar  -with  cement  (like  </),  or  by  a  hydraulic 
lute  (like  c"),  Tlie  pipes  c  are  continued  into  lead  pipes  having 
some  fall  towards  the  chambers.  The  jar  stands  in  a  stoneware 
saucer,  e,  on  a  foundation  of  fire-bricks  ;  through  /  nitrous  vitriol, 
through  ffy  in  case  of  need,  water  is  introduced.  If  one  jar  is 
not  foiind  sufficient,  a  second  one  can  be  put  up  at  very  little 
expense. 

The  first  exact  comparison  between  steam-columns  and  cascades, 
touching  their  capacity  and  expense  of  working,  was  made  by  Bode 
in  his  prize  essay.     His  conclusions  were  as  follows  : — As  to  first 
cost  of  erection,  a  complete  steam-column  is  dearest,  next  to  it  a 
cascade;  the  cheapest  are  the  jars,  even  if  several  of  them  haye 
to  be  employed.     In  the  steam-columns  and  the  jars  the  acid  can 
be  completely  denitratcd,  so  that  it  will  give  no  reaction  with  sul- 
phate of  iron ;  with  cascades  it  is  not  possible  to  go  so  far ;  bat, 
for  all  that,  no  more  nitre  seems  to  be  used  with  the  latter.    In  the 
stcam-coUimns  the  most  vulnerable  part  is  the  stoneware  pipe  for 
taking  away  the  gas ;  in  the  cascades,  the  junction-pipe  between 
the  two  lead  pots.     Bode  also  quotes,  as  a  drawback  of  the  steam- 
columns,  that  it  is  mostly  necessary  to  jntmp  the  acid  out  of  them 
into  the  chambers,  because  they  are  mostly  placed  on  the  ground. 
In  the  factories  visited  by  the  author  he  has  always  found  the  columns 
placed  high  enough  for  the  acid  to  run  direct  out  of  them  into  the 
chambers.     If  the  nitrous  acid  has  to  be  pumped  to  the  top  of  the 
steam-column,  this  will  not  be  appreciably  higher  than  to  the  top 
of  the  cascades.     Bode  on  the  whole  prefers  the  jars,  if  no  Glover 
tower  can  be  erected;  but  he  makes  a  condition  very  difficult  of 
fulfilment,  viz.  that  the  jars  be  of  a  material  capable  of  resisting 
the  heat.     So  far  as  the  author^s  experience  goes,  he  has  never  seen 
jars  of  55  gallons  which  could  hold  out  for  any  length  of  time  against 
the  successive  action  of  cold  nitrous  acid  and  of  steam ;  and  he 
would  advise  any  manufacturer  not  to  practise  such  economy  in  a 
matter  of  very  small  moment,  but  to  prefer  to  perishable  stoneware 
jars  an  everlasting  piece  of  lava  or  of  basalt.     The  small  size  men- 
tioned by  Schcurer-Kestner  is  quite  suflficient. 

The  expense  of  denitrating  in  steam-columns  and  cascades  has 
been  calculated  by  Bode  (/.  c,  p.  48),  so  far  as  this  is  possible  consi- 
dering the  many  circumstances  coming  into  play.  But  since  for  these 
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calculations  such  a  number  of  arbitrary  assumptions  have  to  be 
made  that  the  results  cannot  be  applied  to  real  cases,  we  will  only 
remark  that,  according  to  them,  the  denitration  in  steam-columns 
is  dearer  than  that  on  cascades,  as  may  be  imagined  beforehand — 
the  former  consuming  a  great  deal  of  steam,  the  latter  little  or 
none,  if  hot  coDdensation-water  be  used.  Many  manufacturers 
still  prefer  the  steam-columns  to  the  cascades,  as  in  the  former 
the  denitration  is  much  more  under  control  than  in  the  latter,  or 
in  the  boxes  described  at  p.  414.  On  the  other  hand,  at  the  Oker 
works  {cf  .Brauning,  /.  c.  p.  141)  the  steam-columns  previously 
erected  have  been  abandoned  owing  to  their  continuously  breaking 
down )  and  they  have  been  replaced  in  the  older  sets  by  cascades, 
in  eight  more  recent  sets  by  Glover  towers.  It  has  been  found 
there  that  the  cascades  often  yield  sulphuric  acid  containing  nitric 
acid ;  and  therefore  a  steam-injector  has  been  fixed  to  the  first  small 
chamber,  by  which  the  strength  of  the  acid  in  this  chamber  is  re- 
duced to  110°  Tw. 

The  apparatus  which  is  now  used  more  than  all  the  other  deni- 
trating  apparatus  taken  together  is  the  Glover  tower,  which  is  pro- 
perly treated  in  this  Chapter,  since  its  inventor  had  in  the  first 
instance  constructed  it  for  denitration,  although  it  might  just  as 
well  be  described  as  a  cooling  and  as  a  concentrating  apparatus. 
The  Glover  tower  was  invented  by  Mr.  John  Glover,  of  Wallsend, 
near  Newcastle-on-Tync.     According  to  personal  information  re- 
ceived from  Mr.  Glover,  he  had  built  his  first  tower  already  in  1859, 
at  the  Washington  Chemical  Works,  near  Durham.     This  tower  was 
made  of  fire-bricks,  and  packed  with  a  network  of  thin  fire-tiles.   It 
lasted  a  year  and  a  half,  and  proved  the  correctness  of  the  principle. 
In  1861  Glover,  at  the  same  place,  built  a  lead  tower;  and  when 
founding  another  works  at  Wallsend  in  the  same  year,  he,  of  course, 
built  a  similar  tower  there  as  well,  which  worked  until  18G3  or 
1864.     From  the  experience  gained  in  this  way.  Glover  constructed 
in  1864  a  third  tower,  which,  in  all  essential  points,  was  the  same 
as  is  used  to  this  day.    Up  to  that  time  only  his  nearest  neigh- 
bours had  introduced  the  tower.     It  must  here  be  observed  that  its 
inventor  had  not  only  taken  out  no  patent  for  it,  but,  with  great 
liberality,  showed  it  to  every  one  interested  in  the  matter.     In 
spite  of  that,  some  of  the  manufacturers  on  the  Tyne,  intending  to 
"improve^'   the  tower,  committed  mistakes  in  its  construction; 
and,  at  least  in  one  case,  this  led  to  its  being  given  up  again^ 
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although  it  has  since  been  reintroduced.     Between  1868  and  1870 
aU  the  larger  and  better-managed  works  on  the  Tjne  introduced 
the  Glover  tower;  it  was  adopted  in  Lancashire  about  1868^  at 
London  in  1870.     Until  1871  nothing  had  been  published  about 
the   Glover  tower:    aud   it    was  entirely   unknown    outside  the 
English   alkali-works   till    the   author  published    a    paper    on  it 
in  'Dingler's  Journal'  (vol.  cci.  p.  311),  which  made  it  generally 
known  in  Germany^  aud  led  to  its  adoption  in  that  country.     The 
objections  raised  against  the  tower  as  a  deuitrating  apparatus  (no- 
body has  ever  doubted  its  excellence  as  a  concentrating  aud  cooling 
apparatus)   have  been  completely  refuted.      The   first    objections 
raised  by  Bode  (^  Dingler's  Journal/  ccii.  p.  448)  were  immediately 
refuted  by  the  author   ib.  p.  532),  and  have  since  been  withdrawn 
by  Bode  himself.      Bode  has  become  one  of  the  most   zealons 
constructors  and  advocates  of  the  Glover  tower.     Also  the  objeo- 
tious  raised  by  INrCulloch  (Chem.  News,  xxvii.  p.  135)  have  been 
answered  by  Glover  (ib.  p.  152),  by  the  author  (ib.  p.  162),  and  Bode 
(prize  essay,  p.  5).     M'Culloch  himself  afterwards  changed  his 
opinion.     Much  more  serious  objections  have  been  made  by  Kuhl- 
mann    (Hofmaun^s   Official    Report,  i.  p.    174)    and   by   Vorster 
('Dingler^s  Journal/  ccxiii.  p.  506),  on  the  assiunption  that  the 
contact  of  hot  sulphurous  acid  aud  nitrous  vitriol  in   the  tower 
causes  a  considerable  loss  of  nitre  compounds  in  the  shape  of  nitrons 
oxide  or  of  free  nitrogen.    It  is  certainly  a  fact  that,  under  certain 
conditions,  hot  sulphurous  acid  reduces  the  nitrogen  oxides  down 
to  nitrous  oxide  or  eveu  to  nitrogen.     But  that  such  conditions 
exist  in  the  Glover  tower  Kuhlmann  could  not  prove,  because  he 
had  none  at  his  disposal ;  nor  has  Vorster  experimented  with  the 
tower  itself  in  this  direction,  although  he  made  other  interesting 
observations  respecting  it ;  but,  entirely  on  the  strength  of  labora- 
tory experiments,  he  asserted  that  40  to  70  per  cent,  of  the  nitrons 
compounds  were  lost  in  the  Glover  tower.     His  experiments,  how- 
ever, were  made  under  totally  different  conditions  from  those  exist- 
ing in  the  Glover  tower ;  and  the  author  succeeded  in  reducing 
Vorster's  inferences  on  the  loss  of  nitre  ad  absurdum  from  his  own 
figures  ('  Dingler's  Journal,^  ccxv.  p.  56,  ccxvi.  p.  79) .      In  the 
experiment  considered  by  Vorster  the  most  conclusive,  he  passed  hot 
sulphurous  acid  mixed  with  air  for  27  minutes  through  nitrons 
vitriol  heated  to  180°  C. ;  and  it  is  inconceivable  how  he  could  assert 
that  thii  condition  answers  to  that  in  the  Glover  tower.     Into  this 
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the  nitrous  vitriol  enters  quite  cold,  mixed  with  chamber-acid ;  and 
only  on  leaving,  when  its  heat  is  greatest,  does  it  attain  130°  C.  It 
is  out  of  the  question  that  it  should  have  that  temperature  in  any 
considerable  part  of  the  tower,  much  less  180°,  as  in  Vorster's  ex- 
periment. On  the  contrary,  that  acid  which  shows  a  little  higher 
temperature  (but  never  as  high  as  in  Vorster's  experiments)  con- 
tains next  to  no  nitrous  acid,  but  is  only  further  concentrated  by 
hot  kiln-gas ;  and,  at  all  events,  the  deuitration  takes  place  to  the 
greatest  extent  in  the  upper  part  of  the  tower,  where  the  acid  is 
still  pretty  cold.  This  follows  with  certainty  from  the  well-known 
fact  that  the  deuitration  of  dilute  acid  takes  place  readily,  that  of 
concentrated  acid  with  great  diflSculty.  Apart  from  this,  the  acid 
is  never  exposed  to  the  current  of  hot  sulphurous  acid  so  long  as  in 
Vorster's  experiments.  If  once  the  packing  has  been  quite  impreg- 
nated, the  acid  gets  from  the  top  to  the  bottom  in  a  few  minutes ;  but, 
owing  to  its  fine  division,  it  is  almost  entirely  denit rated  near  the 
top.  In  short,  Vorster's  experiments  must  be  called  worthless  for 
deciding  the  matter  in  question,  even  if  they  were  not  refuted  by 
the  plain  fact,  that  with  the  Glover  tower  the  waste  of  nitre  is 
at  least  no  higher  than  with  any  other  process.  More  about  this 
below. 

The  author  has  lately  (Berichte  der  deutschen  chem.  Gesellsch. 
X.  p.  1432 — more  explicitly  in  'Dingler's  Journal,^  1877,  ccxxv. 
p.  474)  criticised  in  detail  the  experiments  and  statements  of 
Kuhlmann  and  Vorster,  and  has  proved  their  irrelevancy.  He 
has  further  proved  by  experiments  that,  if  the  sulphurous  acid  gas 
is  mixed  with  a  similar  excess  of  oxygen  as  in  the  kiln-gas,  this 
mixture  decomposes  nitrous  vitriol,  even  at  a  temperature  of  200° 
(in  the  Glover  tower  it  never  gets  beyond  130°),  in  such  a  way  that 
the  whole  of  the  nitrogen  oxides  can  be  recovered  by  absorption  in 
concentrated  sulphuric  acid.  Pure  sulphur  dioxide,  free  from 
oxygen,  does  not  act  on  nitrous  vitriol  at  1 10°~130°,  but  only  at 
200°  C,  in  such  a  way  as  to  cause  the  formation  of  some  nitrous 
oxide.  This,  however,  is  not  a  practical  case  at  all ;  and  it  remains 
a  fact  that  in  the  Glover  tower  neither  nitrous  oxide  nor  nitrogen 
are  formed  in  appreciable  quantities.  The  author's  experiments  and 
calculation  have  been  attacked  as  inexact  by  Hurter  ('  Dingler^s 
Journal,'  ccxxvii.  pp.  465  &  563),  but  have  been  completely  vindi- 
cated by  the  author  (ib.  ccxxviii.  pp.  70  &  152). 

If  there  were  any  truth  whatever  in  Kuhlmann's  and  Vorster's 
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assertions^  it  would  certainly  be  a  cause  of  still  greater  loss  when 
the  fresh  supply  of  nitre-gas  is  carried  through  the  tower^  as  is  done 
in  the  great  majority  of  English^  or  when  even  the  liquid  nitric 
acid  is  run  through  it^  as  in  many  continental  works.  Then  not 
merely  70  per  cent,  of  the  nitrous  vitriol,  but  also  70  per  cent, 
of  the  fresh  supply  of  nitre,  or  nitric  acid,  would  be  wasted 
by  the  tower.  This  certainly  would  be  felt  in  a  very  sensible 
manner.  But  in  1871,  of  the  ten  works  on-  the  river  Tyne  which 
possessed  Glover  towers,  only  tliree  worked  so  as  to  decompose  the 
nitre  by  the  gas  of  separate  pyrites-burners,  and  to  take  the  gaseous 
mixture  past  the  Glover  tower  direct  into  the  chambers.  The  other 
seven  works  sent  the  gas  of  all  burners,  along  with  all  the  fresh 
nitre-gas,  through  the  towers,  without  consuming  any  more  nitre 
than  the  three  former  ones.  Among  these  three  works  was  that 
managed  by  the  author,  who,  in  his  first  publication,  recommended 
this  arraugcmeut.  Later  on,  from  experieuce  gathered  in  the  mean- 
time, the  plant  was  altered,  and  all  the  kiln-gas,  along  with  the 
nitre-gas,  was  taken  into  the  Glover  tower;  but  no  extra  con- 
sumption of  nitre  whatever  could  be  detected.  In  the  same  way 
Mr.  Schaffncr,  of  Aussig,  found  no  extra  consumption  ensue  when 
he  began  introducing  all  the  liquid  nitric  acid  through  the  Glover 
tower. 

Glover  himself  reports  (Chem.  News,  xxvii.  p.  152)  that  he  had 
consumed,  for  1651  tons  of  sulphur  (from  Norwegian  pyrites),  only 
63  tons  13  cwt.  of  nitre,  =3*8  per  cent.,  with  a  chamber-space  of 
20  cubic  feet  to  1  lb.  of  sulphur  burnt  in  24  hours.  His  pyrites 
only  contained  40  per  cent,  of  sulphur,  as  the  author  knows  very 
well,  since  he  used  the  same  quality  at  that  time ;  the  conditions 
of  work  were  therefore  not  so  favourable  as  with  richer  ores.  At 
the  same  time  Glover  concentrated  all  his  chamber-acid  to  140^- 
150°;  and  this  is  a  common  experience  in  most  works. 

The  most  important  thing  is  this :  it  is  absolutely  certain,  firom 
the  practical  experience  of  many  works,  that  with  the  Glover  tower 
rather  less  nitre  (never  more)  is  used  than  with  steam-columns  or 
cascades.  This  is  witnessed,  for  instance,  by  the  former  opponent  of 
the  Glover  tower.  Bode,  in  '  Dingler's  Journal,'  ccxvii.  p.  305^  and 
in  his  prize  essay,  p.  87 ;  and,  altogether,  no  contrary  statements  of 
those  who  have  had  practical  experience  of  the  tower  have  been  nven 
to  the  world.  On  the  contrary,  the  Glover  tower  has  not  only  been 
generally  accepted  in  England,  but  also  to  a  great  extent  on  the 
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Continent^  especially  in  Germany ;  and  the  best  proof  of  this  is^ 
that  in  1875  the  Berlin  Society  for  the  Promotion  of  Industry 
oflfered  a  prize  for  an  essay  on  this  subject,  in  which  the  utility  of 
the  Glover  tower  for  most  cases  is  expressly  presupposed,  and  only 
its  applicability  for  kiln-gas  of  inferior  heat  is  mentioned  as  doubt- 
ful and  requiring  examination.  The  result  of  this  was  Bode^s  often- 
mentioned  essay  on  the  Glover  tower.  Now-a-days  the  Glover 
tower  forms  an  essential  part  of  every  well-arranged  sulphuric-acid 
works,  and  holds  the  same  rank  with  the  Gay-Lussac  tower. 
Certainly  it  will  not  answer  to  the  expectations  when  constructed 
in  an  improper  way  or  from  imsuitable  material,  and  therefore,  at 
first,  was  here  and  there  demolished  again ;  but  the  same  thing  must 
be  said  of  every  apparatus  used,  in  the  whole  range  of  industry ; 
and  the  consensus  of  the  great  majority  of  manufacturers  has  entirely 
decided /or  the  Glover  tower.  Brauning  (/.  c.  p.  140)  also  quotes 
the  experience  of  a  whole  series  of  works  at  Oker  in  which  the  tower 
is  employed,  and  where,  since  its  introduction,  less  nitre  is  used 
than  before,  in  consequence  of  the  acid  being  completely  denitrated, 
so  that  no  loss  can  be  incurred  through  the  reduction  of  nitric  acid 
to  nitrogen  or  nitrous  oxide.  On  an  extensive  tour  through  a 
number  of  the  best  English,  German,  and  French  alkali- works,  the 
author  has  everywhere  received  the  same  information,  viz.  that 
since  the  introduction  of  the  Glover  tower  less  acid  is  consumed 
than  formerly  (with  the  diluting  process) .  This  may  very  frequently 
be  in  consequence  of  the  chamber-acid  being  also  denitrated  in  the 
Glover  tower;  but  in  some  works  the  acid  of  the  large  (or  first) 
chamber  is  not  kept  nitrous  at  all,  and  in  others,  from  various 
causes,  only  a  small  portion  of  the  chamber-acid  passes  through 
the  Glover  tower.  In  no  case  is  there  the  slightest  reason  for 
asserting  that  the  Glover  tower,  by  itself,  wastes  more  nitre  than 
the  diluting  process.  At  Maletra's  works  at  Rouen,  before  the 
introduction  of  the  Glover  tower,  2  parts,  after  it  only  1*3  part  of 
nitre  has  been  used  to  100  parts  of  pyrites. 

It  must  not  remain  unmentioned  that  CI.  A.  Winkler,  in  1867 
(/.  c.  p.  24),  proposed  very  clearly  the  denitration  of  nitrous  vitriol 
by  sulphurous  acid,  without  having  any  knowledge  whatever  of  the 
fact  that  this  plan  had  been  carried  out  for  some  years  in  practice 
by  Glover  and  others.  Moreover  Winkler^s  plan  was  vitiated  by 
his  proposal  to  add  a  small  quantity  of  water.     He  evidently  had 
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no  idea  of  the  concentrating  action  of  the  apparatus  which  is  now 
called  the  Glover  tower. 

Description  of  the  Glover  tower. — ^This  in  many  respects  resem- 
bles the  Gay-Liissac  tower^  bat  in  others  is  quite  different ;  and  its 
function  is  exactly  the  opposite  of  that  of  the  Gay-Lussac  tower — 
viz.  to  deprive  the  nitrous  vitriol  running  off  at  the  bottom  of  the 
Gay-Lussac  tower  of  its  nitrous  compounds^  and  to  restore  it  to  a 
proper  state  of  concentration  for  applying  it  again  at  the  top  of  that 
tower.     This,  certainly,  is  only  one  of  the  functions  of  the  Glover 
tower,  but  the  most  important  and  characteristic  of  all.     The  tower 
fulfils  this  function  by  exposing  the  nitrous  vitriol,  usually  miied 
with  chamber- acid,  in  a  finely  divided  form,  to  the  action  of  the 
hot  burner-gas,  whose  heat  acts  concent ratingly  upon  the  sulphuric 
acid,  and  whose  sulphurous  acid  acts  denitratingly  upon  the  nitro- 
Bulphonic  acid  ;  and  the  simultaneous  concentration  and  action  d 
the  sulphurous  acid  seem  very  much  to  advance  the  denitratioo. 
Glover's  apparatus  cannot  be  put  in  the  same  line  with  the  appa- 
ratus described  alx)ve  (p.  412),  because  in  it  no  condensation  of 
dilute  vitriol  containing  nitric  acid  can  take  place  on  the  lead  walls, 
and  because  it  is  altogether  so  constructed  that  the  lead  nowhere 
comes  into  contact  with  the  hot  gas  and  the  nitrous  vitriol.     Once 
properly  built,  it  goes  on  working  for  many  years,  and  causes  no 
interruption  of  the  process.     Besides,  it  possesses  two  very  great 
advantages.    The  first  is,  that  it  is  both  the  most  complete  and  the 
most  rational  of  all  cooling-contrivances  for  the  burner-gas  : — the 
most  complete,  because  the  gas  is  brought  into  immediate  contact 
with  the  cooling-liquid  in  the  shape  of  a  fine  spray,  not  separated 
from  it  by  a  metallic  wall  or  only  exposed  to  the  cooling  action  at 
the  circumference  of  the  current ;  the  most  rational,  because  no 
expense  has  to  be  incurred  for  pumping  up  cold  water  for  cooling, 
but  the    generated   steam    is  at  once  usefully  employed  in  the 
chamber.     The  second  and  still  greater  advantage  of  the  Glover 
tower  is  that  in  it  not  only  all  the  acid  serving  for  absorption  in 
the  Gay-Lussac   tower,   but   the  whole   of  the   chamber-acid  is 
brought  to  152°  Tw.  without  any  expense  except  that  of  pump- 
ing the  acid  to  the  top  of  the  tower — an  expense  which  is  very 
small  indeed,  especially  in  the  case  mentioned  on  p.  393^  where 
the  exhaust-steam  of  the  air-pumping  engine  is  used  as  steam 
for  the  chambers. 
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The  Glover  tower  is,  moreover,  now  used  for  introducing  the 
requisite  fresh  nitric  acid,  or  a  solution  of  nitrate  of  soda,  into  the 
chambers  without  any  special  apparatus,  by  running  it  down  along 
with  the  nitrous  vitriol.  Before  it  arrives  at  the  bottom  it  is 
fully  denitrated,  as  well  as  the  nitrous  vitriol  itself. 

The  Glover  tower  may  also  operate  with  only  the  nitrous  vitriol 
itself  running  down  in  it,  without  any  chamber-acid  ;  but  in  that 
case  it  does  not  deprive  it  of  all  the  nitrous  compounds,  but  of  the 
principal  part  only  (down  to  about  0*2  per  cent,  of  N^Oa),  and  at 
the  same  time  concentrates  it  to  152°  Tw.  This  acid  may  now  be 
used  again  in  the  Gay-Lussac  tower  for  absorption ;  and  thus  a 
circulation  of  acid  may  take  place  between  the  two  towers.  There 
is  in  this  alwavs  a  little  addition  to  the  acid,  as  within  the  Glover 
tower  itself,  by  the  action  of  the  sulphur  dioxide  on  the  nitrosul- 
phonic  acid,  free  sulphuric  acid  is  formed. 

2S02(OH)(N02)  +  S02  +  2H20=3S02(OH)2+2NO. 

This  equation  represents  the  essential  reaction  going  on  in  the 
Glover  tower. 

However,  the  Glover  tower  is  not  usually  fed  (in  the  way  just 
mentioned)  with  nitrous  vitriol  alone,  but  only  in  the  case  of 
temporary  disturbances.  The  apparatus  is  always  so  arranged 
as  to  be  fed  with  nitrous  vitriol  (or  with  fresh  nitric  acid)  and 
chamber- acid  together y  in  which  case  not  only  is  the  denitration 
completed,  owing  to  the  initial  dilution,  but  the  acceptable  secon- 
dary effect  is  obtained  of  concentrating  the  chamber-acid  up  to 
152°  Tw.,  and  of  depriving  it  also  of  the  minute  proportion  of  nitre 
which  it  generally  contains.  If  the  acid  is  not,  as  is  usually  assumed 
here,  brought  in  the  chambers  themselves  to  116°-12Jj°,  but  only 
to  10()°  Tw.,  it  can  for  all  that  be  concentrated  to  144°  without  any 
diflSculty  in  the  Glover  tower,  even  when  the  gas  comes  from  a 
shelf  burner  for  pyrites  smalls  and  has  therefore  to  be  somewhat 
cooled  in  dust-chambers,  on  the  supposition  that  the  tower  is 
placed  close  to  the  burners.  This  is  done,  for  instance,  at  the 
Aussig  works  in  Bohemia.  That  the  denitration  by  sulphurous 
acid  becomes  more  perfect  by  dilution,  is  a  matter  of  course,  accord- 
ing to  the  above-quoted  researches  of  R.  Weber  and  CI.  Winkler 
(supra,  p.  370). 

The  stream  of  nitrous  vitriol  and  that  of  chamber-acid  are  regu- 
lated entirely  according  to  the  degree  of  denitration  and  of  concen- 


428  SULPHURIC  ACID. 

tration  shown  by  the  acid  ranning  oflF  at  the  bottom  of  the  Glover 
tower.  The  more  chamber-acid  is  run  through  (that  is  to  say,  the 
greater  the  dilution) ,  the  easier  will  be  a  full  denitration ;  the  less 
chamber-acid  is  uscd^  the  more  concentrated  will  the  acid  arriTe 
below.  There  is,  however,  no  difficulty  in  attaining  both  objects, 
viz.  to  get  an  acid  at  the  same  time  completely  denitrated  and 
showing  l52°Tw.,  if  good  pyrites  (with  42  per  cent,  and  upwards  of 
sulphur)  be  burnt,  and  if  the  burner-gas  be  employed  as  hot  as  pos- 
sible, say  300°  C.  and  upwards,  by  placing  the  tower  close  to  the 
burners.  In  the  case  of  poor  ores,  or  of  smalls-burners  with  large 
dust-chambers,  the  denitrating  action  will  also  be  complete ;  but  the 
concentration  cannot  then  be  carried  so  far. 

If  it  be  assumed  that  the  Gay-Lussac  tower  receives  a  quantity 
of  acid  equal  to  the  total  daily  production  (and  this,  indeed,  satisfies 
all  requirements),  there  will,  of  course,  be  just  the  same  quantity 
of  SO4II9  running  down  the  Glover  tower  in  the  shape  of  chamber- 
acid,  along  with  the  nitrous  vitriol,  and  therefore,  according  to  bulk 
and  weight,  a  little  more  of  the  chamber-acid,  as  this  is  more  diluted. 
If  the  chamber-acid  is  on  an  average  =123°  Tw.,  equal  to  70  per 
cent.  SO4II,  (it  may  be  safely  brought  up  to  this  strength,  precisely 
because  the  nitre  dissolved  in  chamber-acid,  when  rather  strong, 
will  be  expelled  and  utilized  in  the  Glover  tower),  117  parts  by 
weight  of  the  same  correspond  to  100  parts  by  weight  of  an  acid 
of  152°  Tw.,  ==81-7  per  cent.  SOJI^;  or  100  vols,  of  the  latter  arc 
equal  to  128  vols,  of  the  123°  acid,  and  the  latter  would  be  the 
proportion  in  which  the  two  acids  are  mixed.     The  result  would  be 
a  mixture  of  acids  of  13C°Tw.  entering  the  Glover  tower  at  the  top, 
which  can  be  fully  denitrated  by  sulphurous  acid,  especiaUy  when 
hot  (Weber,  supra,  p.  370) .     If  less  Gay-Lussac  acid  has  been  used 
than  the  above,  the  mixture  of  acids  entering  the  Glover  tower  will 
show  a  lower  specific  gravity  than  136°  Tw.,  and  will  be  all  the  more 
easily  denitrated. 

During  the  first  years  of  the  working  of  the  Glover  tower  it  was 
generally  assumed  that  the  acids  must  only  be  mixed  inside  the 
tower,  because  during  their  mixture  nitric  oxide  would  be  given  off. 
On  this  principle  was  founded  the  mixing-apparatus  described  by  the 
author  in  his  first  publication  on  the  Glover  tower  (in  Dingler's 
Journal,  cci.  p.  348),  and  the  distributing  wheels  with  double  outlet 
and  separate  distributing  chambers  and  pipes.  But  it  follows  from 
the  calculation  just  made  that  a  mixture  of  equal  parts  of  adds. 
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-when  chamber-acid  of  123°  Tw.  is  used  and  the  daily  make  of  acid 
is  passed  through  the  Gay-Lussac  tower  once  a  day,  would  be  equal 
to  136°  Tw.  In  an  acid  of  this  strength  nitrosulphonic  acid  is 
entirely  stable,  at  least  at  the  ordinary  temperature ;  and  it  is  pos- 
sible, and  has  been  done  in  many  places  for  years  past,  to  mix  the 
two  acids  before  they  enter  the  Glover  tower,  which  greatly  sim- 
plifies the  distributing  apparatus.  Even  when  only  one  half  of  the 
total  daily  make  of  acid  is  used  for  absorbing,  the  mixture  of  this 
with  the  total  chamber-acid  still  comes  to  131°  Tw.,  which  is 
equally  a  safe  strength.  If,  however,  the  conditions  are  the  most 
unfavourable  in  this  respect,  the  dilution  can  no  longer  take  place 
outside  the  tower.  If,  for  instance,  the  chamber-acid  is  only  106° 
Tw.  strong,  131  parts  by  weight  of  it  correspond  to  100  parts  of 
acid  of  152°;  and  if  of  the  latter  only  half  the  equivalent  is  taken 
(that  is  to  say,  100  parts  by  weight  of  acid  of  152°  Tw.  to  262  parts 
of  106°),  the  density  of  the  mixture  only  comes  to  118°,  at  which 
strength  nitric  oxide  begins  to  escape  from  a  solution  pretty  rich 
in  nitrosulphonic  acid. 

In  these  calculations  the  degree  of  saturation  of  the  vitriol  with 
nitrous  compounds  is  not  yet  taken  into  account;  the  less  the 
amount  of  acid  used  every  day  in  the  Gay-Lussac  tower,  the  more 
will  it  be  saturated  with  nitre,  and  there  will  be  more  danger  of 
gas  escaping  from  the  nitrous  vitriol  when  mixing  it  with  chamber- 
acid. 

The  temperature  of  the  acid  running  off  from  the  Glover  tower 
is  usually  between  120°  and  130°  C.  If  the  work  is  very  much 
pushed,  it  may  reach  140°  or  even  150°.  In  the  few  works  where 
this  happens,  no  bad  consequences  have  been  observed;  but  in 
one  works  the  author  was  told  that  a  little  more  nitre  was 
always  used  whenever  the  acid  became  hotter  than  138°  C.  Still 
the  observations  made  there  were  not  sufficient  to  establish  this 
result  as  certain,  if  all  disturbing  conditions  be  eliminated.  The 
gas  leaving  the  tower  at  the  top  has  generally  a  temperature  of 
from  50°  to  80°  C. ;  it  should  not  be  above  60°,  at  which  tempera- 
ture cooling  it  before  it  enters  the  chambers  is  quite  unnecessary. 
The  following  is  a  description  of  a  Glover  tower  erected  by  the 
author  in  1873,  which  served  for  a  chamber-space  of  about  160,000 
cubic  feet  and  a  daily  consumption  of  9  tons  of  48-per-cent.  pyrites. 
The  following  diagrams  and  descriptions  are,  of  course,  only  meant 
to  serve  as  an  instance  of  a  tower  that  worked  well^  but  do  not 
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Fig  190  Kg.  Iftl. 
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claim  to  be  authoritative  in  all  details.  Fig,  188  is  a  front  eleva- 
tion ;  fig,  189,  a  sectional  elevation  through  the  line  AB  (fig.  190) ; 
fig.  190,  a  sectional  plan  through  CD  (fig,  189)  ;  fig.  191,  a  section 
through  the  frame,  in  order  to  show  the  way  in  which  the  lead  is 
attached  to  it ;  fig.  192,  a  view  from  the  top,  showing  the  acid- 
diatributor  and  the  man-hole.  Figs.  193  &  194  are  sectional 
plans,  showing  a  different  arrangement  for  a  grating,  viz.  fig.  193 
below,  and  fig.  194  above  the  same.  The  foundation  consists  of 
two  pillars  of  ordinary  good  brickwork,  joined  by  a  fourfold  arch 
and  braced  together  by  railway-rails  and  tie-rods  a  a.  It  is  covered 
with  a  lead  apron,  b,  of  7  lb.  to  the  square  foot,  the  sole  object  of 
which  is  to  secure  that  in  caae  of  leakage  of  the  tower-bottom 
the  acid  cannot  get  to  the  brickwork,  but  must  run  off  sideways. 
Instead  of  turning  this  apron  down,  it  can  be  turned  up  in  the 
shape  of  a  saucer  with  a  spout.  The  tower  itself  is  erected  within 
a  strong  frame  of  pitch-pine,  which  at  the  same  time  carries  the 
necessary  tanks.  Four  pillars,  cc,  12  inches  square,  which  are 
with  advantage  placed  on  stoneware  slabs  to  protect  their  feet  from 
being  corroded  by  acid  running  over,  are  joined  tc^ther  by  joiatg 
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6  inches  square,  mortised  in  such  a  way  that  they  can  be  knocked 
out  upwards  when  they  have  got  damaged^  whilst  the  weight 
of  the  lead  otherwise  pulls  them  downwards.  To  eflFect  this,  the 
mortise-holes  in  the  uprights  are  continued  upwards  in  a  slanting 
direction ;  figs.  188  &  189  show  this  clearly  at  e  e.  At  the  top  of 
the  tower  stronger  joists,  //,  6x9  in.,  run  all  round;  these  hare 
to  support  a  greater  weight.  Instead  of  this  kind  of  frame,  the 
ordinary  frame  with  diagonal  stays  can  be  employed ;  in  this  case 
the  whole  weight  of  the  lead  must  be  carried  by  the  top  joists, 
because  the  lower  joists  are  missing.  At  the  top  the  uprights 
arc  tied  together  by  the  crown-trees  gg  (12  x  12  in.)  ;  on  these  a 
wooden  cabin  is  erected,  within  which  the  acid-tanks  are  placed. 
Tlicre  is,  properly  speaking,  only  one  tank,  which  is  divided  into 
two  by  a  partition  ;  it  stands  on  the  joists  h  h ;  and  its  wood  con- 
struction can  easily  be  seen  from  the  figure.  Both  compartments 
are  lined  inside  with  lead  of  7  lb.  to  the  square  foot ;  one  of  them 
receives  nitrous  vitriol,  the  other  chamber-acid  by  the  distributing- 
box  i  (details  in  figs.  196  &  197),  to  which  the  acid  is  conveyed  firom 
the  delivery-pipe  of  the  higher  Gay-Lussac  tower,  either  by  means 
of  a  special  splaahing-apparatus  (as  in  fig.  172),  or,  omitting  the 
box  i,  from  a  di&tributing-box  with  3  plug-valves,  common  to  them 
and  to  the  Gay-Lussac  tower  (as  in  fig.  173).  The  latter  is  the 
proper  thing  when  both  towers  are  placed  side  by  side,  and  when 
their  tanks  arc  covered  by  the  same  wooden  house,  which  is  by  far 
the  best  arrangement;  in  that  case  the  tops  of  the  two  towers 
are  placed  at  the  same  level ;  but  the  foundations  of  the  GloTer 
must  be  made  much  higher  than  those  of  the  Gay-Lussac  tower, 
on  account  of  its  smaller  height.  This  is  far  from  a  disadvantage, 
as  the  Glover  tower  must  anyhow  be  placed  at  such  a  height  that 
the  burner-gas  will  have  to  rise  a  little  in  passing  to  it. 

The  acid-tanks  are  each  provided  with  an  outlet- valve  it  and  a 
waste-pipe  /;  the  former  leads  to  the  acid-distributor,  the  latter 
direct  to  the  tower-cover  n.  This  cover  is,  as  seen  best  in 
fig.  189,  suspended  from  joists/?/?,  which  lie  across  the  beams//; 
strong  straps,  nailed  to  both  sides  of  the  joists  alternately  (figs.  189 
&  192),  hold  the  cover  fast.  This  (precisely  like  a  chamber-toPi 
on  the  edges,  where  it  is  burnt  to  the  chamber-sides)  is  jammed 
between  the  beams  /  and  joists  p ;  but  thence  towards  the  centre 
it  is  dished  out,  so  that  any  acid  running  onto  it  cannot  run  down 
the  sides  of  the  tower,  but  stands  in  the  depression  of  the  cover  and 
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runs  into  the  interior  of  the  tower  through  the  hydraulic  joint  of  the 
man-hole^  or  through  a  small  swan-neck  pipe  provided  on  purpose. 

The  tower  itself  \q  made  of  14-lb.  lead,  its  bottom  of  35-lb.  lead, 
the  straps  of  9-lb.  lead.  Its  sides  are  suspended  from  the  top  and 
side  joists,  just  like  those  of  a  chamber.  Figs.  189  &  191  show 
clearly  that  the  lead  stands  a  little  oflf  the  wood,  which  is  of  import- 
ance for  the  protection  of  both  the  wood  and  the  lead.  At  the  same 
time  figure  191  shows  how  the  sides  are  constructed.  In  order  to 
avoid  seams  at  the  comers,  where  they  would  be  weakest  and  where 
they  could  not  be  very  wcU  repaired  on  account  of  the  uprights  c  c, 
two  of  the  sides  are  made  of  two  sheets  of  lead  (1, 2)  each,  which  are 
burnt  together  in  the  middle,  and  which  reach  round  the  comers, 
where  the  sheets  3  are  burnt  to  them.  All  the  side  sheets  reach 
down  from  the  top  to  the  bottom  without  any  horizontal  seams, 
and  hang  loosely  within  the  saucer.  The  tower  proper  is  30  feet 
high  and  has  a  horizontal  section  of  9  feet  by  9. 

The  bottom  saucer  is  formed  of  two  sheets  of  lead  burnt  together 
in  the  middle  and  turned  up  all  round  to  a  height  of  12  inches. 
Since  sheets  of  35  lb.  to  the  square  foot  cannot  be  burnt  together 
in  the  usual  manner,  they  are  joined  thus :  they  are  placed  close 
together,  after  having  the  edges  cut  off  slantingly  and  scraped  clean 
(fig.  195) ;  into  the  rebate,  a,  thus  formed,  lead  heated  a  good  deal 

Fig.  195. 
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beyond  its  melting-point  is  poured ;  the  latter,  before  solidifying 
itself,  fuses  the  margins  of  a  ;  and  this  is  farther  assisted  by  a  red- 
hot  iron,  so  that  the  whole  unites  into  a  solid  mass. 

In  England  the  frame  and  the  towers  themselves  have  latterly 
been  made  more  and  more  substantial  j  for  instance,  towers  are 
met  with  whose  sides,  up  to  the  height  of  the  gas-pipe,  are  of 
25-  to  30-lb.  lead,  and  whose  saucer  is  of  50-  to  60-lb.  lead. 

The  tower  is  now  lined  and  at  the  same  time  provided  with  a 
grating  (dome)  for  the  packing.  The  lining  must  consist  of  the 
best  hard-burnt,  acid-resisting  fire-bricks  that  can  be  procured. 
Some  bricks  are  not  quite  so  suitable  as  others ;  for  instance,  the 
^'  blue  '^  bricks  of  Mold,  in  Flintshire,  are  better  adapted  for  this 
purpose  than  other  bricks  of  a  more  refractory  but  less  acid-resisting 
nature.     Best  of  all,  but  more  expensive,  are  bricks  of  stoneware  or 
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glass.  The  Aussig  chemical  works  and  the  Bendorf  works  near 
Coblence  likewise  make  very  good  lining-bricks  for  Glover  towers. 
The  lining  is  made  2  feet  3  inches  thick  at  the  bottom  all  round,  as 
high  as  the  grating,  so  that  a  clear  space  of  4  feet  5  inches  re- 
mains open  in  the  centre;  the  1  inch  remaining  from  a  total 
section  of  9  feet  square  is  caused  by  not  putting  the  lining  close 
to  the  lead  sides,  but  leaving  a  clear  space  of  ^  inch  all  round 
(see  fig.  190).  Immediately  over  the  entrance-pipe  r  for  the  gas 
there  are  four  semicircular  arches,  *  *,  as  seen  in  fig.  189  in  sec- 
tion, in  fig.  190  from  above.  They  are  arched  from  the  side  lining, 
made  so  strong  for  this  very  purpose,  and  serve  both  for  carrying 
the  lining  and  for  dividing  the  current  of  gas.  To  avoid  the  side- 
pressure  altogether,  some  manufacturers,  instead  of  arches,  con- 
struct a  grating  of  fire-clay  slabs,  as  shown  in  figs.  193  &  194;  the 
former  shows  how  a  dwarf  wall  runs  almost  through  the  middle 
of  the  tower-bottom,  carrying  on  its  top  (fig.  194)  a  number  of 
slabs  standing  edgewise,  3  feet  3  inches  long  by  18  inches  height 
and  G  inches  thickness,  which  rest  on  this  dwarf  wall  and  upon 
the  side  walls.  In  any  case  the  arches,  if  such  are  used,  are 
levelled  up  to  a  plane  surface  at  the  top  (fig.  189).  The  lining 
of  the  tower  is  now  continued  for  a  height  of  about  4  feet  with  a 
thickness  of  18  inches,  then  for  8  feet  with  only  14  inches,  and  for 
the  last  8  feet  with  only  9  inches  thickness. 

The  whole  lining  of  the  tower  as  well  as  the  dome  (arch)  must 
be  walled  dri/,  without  any  mortar  of  any  kind.  Tar  mortar  would 
melt;  and  fire-clay  would  be  converted  into  aluminium  sulphate. 
This  happened  to  one  of  the  first  works  on  the  Tyne  at  which  the 
Glover  tower  was  tried,  where  after  a  few  weeks  the  lining  lifted  up 
the  cover  and  rose  above  the  tower.  In  order  to  make  the  arch 
sufficiently  stable  without  any  mortar,  it  should  not  be  made  of 
ordinary  fire-bricks  cut  to  shape,  but  of  large  fire-clay  lumps  ex- 
pressly manufactured  for  the  purpose,  whose  sides  join  smoothly 
together.  In  some  works  all  the  bricks  of  the  lining  are  ground 
upon  one  another,  so  that  only  extremely  small  joints  remain. 

The  packing  consists  of  flints  which  have  been  purified  by 
hydrochloric  acid  from  all  soluble  impurities,  such  as  adhering 
chalk,  or  of  any  other  acid-resisting  and  not  disintegrating  material; 
in  one  case  the  author  found  stoneware  seltzer-water  bottles  with 
their  bottoms  knocked  out.  The  upper  third  mav  be  made  of  the 
hardest  and  best  picked  coke,  because  here  the  heat  is  no  longer 
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considerable,  and  the  acid  is  not  yet  too  concentrated.  Unless, 
however,  a  description  of  coke  can  be  obtained  that  really  fully 
resists  the  acid,  it  must  decidedly  be  left  out ;  for  it  will  soon  be- 
came rotten,  the  pieces  will  be  disintegrated,  and  the  draught  will 
be  stopped.  There  are  also  instances  of  the  coke  having  taken 
fire  when  the  Glover  tower  was  going  empty,  which  sometimes 
cannot  be  avoided.  Just  over  the  dome,  in  order  to  divide  the 
current  of  gas  in  a  regular  way,  first  two  courses  of  the  same 
kind  of  bricks  as  serve  for  the  lining  arc  placed  pigeonhole  wise. 
On  the  very  top  a  few  small  slabs,  /,  are  laid  down,  which  cause 
the  acid  running  in  to  splash  about  before  reaching  the  coke.  It 
is  a  matter  of  course  that  the  packing  must  be  done  as  systema- 
tically and  carefully  as  that  of  the  Gay-Lussac  tower. 

In  some  cases  it  is  preferred  not  to  fill  the  tower  to  its  very 
top,  viz.  if  the  gas  is  cooled  too  much ;  for  then  even  a  part  of  the 
first-formed  aqueous  vapour  might  be  condensed  again  to  the  liquid 
state,  dilution  thus  counteracting  the  concentration.  The  tempe- 
rature of  the  outgoing  gas  ought  in  no  case  to  be  below  60°  C;  some 
manufacturers  prefer  from  G0°  to  75°  C.  But  if  too  much  cooling 
must  be  avoided  by  leaving  the  upper  portion  of  the  tower  empty, 
that  portion  might  be  left  out  altogether  and  the  tower  might  be 
made  so  much  lower.  In  fact,  at  some  works  in  England  towers 
of  from  18  to  20  feet  height  are  are  preferred  to  higher  ones.  This 
will,  of  course,  depend  upon  the  heat  which  the  gas  possesses  when 
entering  the  tower,  therefore  upon  the  kind  of  ore  burnt,  upon  the 
presence  of  dust-chambers,  upon  the  length  of  way  from  the  pyrites- 
burners  to  the  tower,  and  so  forth.  According  to  numerous  notes 
taken  on  this  subject,  the  proper  height  for  a  Glover  tower,  under 
ordinary  circumstances,  seems  to  be  from  26  to  30  feet. 

The  (fas  enters  through  the  cast-iron  pipe  r,  2  feet  6  inches  wide, 
and  leaves  the  tower  through  the  lead  pipe  m,  2  feet  3  inches  wide. 
About  the  latter  nothing  need  be  said,  except  that  on  its  bottom 
a  small  ledge  u^  is  formed,  which  compels  the  acid  squirted  into  it 
to  run  back  into  the  tower;  this  pipe  also  usually  rises  a  little 
towards  the  chamber.  On  the  other  hand,  the  fixing  of  the  en- 
trance-pipe r,  which  ought  to  have  a  little  fall  towards  the  tower, 
is  not  quite  such  a  simple  matter,  and  at  first  caused  much  diffi- 
culty. It  is  mostly  made  of  cast  iron,  and  has  therefore  in  the 
great  majority  of  acid-works,  except  in  the  above-mentioned  cases, 
a  temperature  of  at  least  300°  C.  The  lead  of  the  tower,  where 
it  touches  the  cast  iron,  will  therefore  be  quickly  wasted,  and  any 
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•. *',  .r'/.'.  ■'  .;"''.' '  -.  I:,  'i.-:  -i:':  ^f  t:.-:  :o"»":-r.  i-  :::t:-  rl2i?e  in  cues- 
♦..'/:.,  •;.'/'•  .-  'i  ^  .''  ..':r  :.  >i ;  tOTrh^-f-  ciTO'zrnf.rrcz.ce  aa  up^tandiug 
f'/'::.;"  .i  •/  .r:.',  f.'.vr.;.'  rh';  O'.t'ir  rirr.Tirr*:'.:eL':-e  of  :he  ring  r:  be- 
t.  «&";.  r;.'  .' -j'J  Ji;.'!  th'':  ir'-.Ti  a  H::!*?  oriinarv  tir  and  tire-clar 
ft::u*.:.\  i-  ]r\\;  'aiA  a  wro'i^ht-iroii  Loop  in  two  pans  with  screw 
j'/lf.*-'  Unt,\j  •>.:.'!-  ^'/j[f'\\if:r  Ir-aAl,  crmfrnt,  and  cast  iron.  Since  the 
orj»/  r  p-.-ft.  '/f  r  i"  ff/t\*'A  hy  ihf:  air  circulatinz  in  the  hollow  space 
//f  t.li':  r;T.;',  Ofily  a  -mall  j^art  of  the  hoat  can  be  communicated  to 
it,  vi|ji''}i  t.ljf  \\\\i*.T  p;irt  oi"  the  rin;r  receives  already  weakened  by 
lli<:  hiv'T  of  ri:/fnrit^  from  tlie  pijic  r;  and  therefore  no  difficulty  is 
t'%\t*'rv  ufi(\  in  k«:»  piii'^^  the  joint  Ix-twiren  lead  and  iron  tight. 

At  th'j  An  -i;;^  works  the;  difficulty  is  obviated  by  attaching  to 
thr^'aHt-iron  j.vn-pijie  eoniiiijj  from  the  burners  a  short  piece  of 
fin'-rhiy  pipe  with  a  flanj^e  joint;  the  latter  projects  into  the 
(ih^vrr  lower ;  and  the  lead  hide  of  this  is  simply  joined  to  the 
fin- (lay  pijifr  hy  a  bunit-on  flange  surrounding  the  pipe,  with  tar 
<ri'inrnt,  hrt. ween,  and  with  an  iron  hoop  pressing  the  lead  flange 
onto  \\\v.  piper.  As  the  fire-elay  pipe  has  much  thicker  walls,  and 
Ik  a  HO  nincli  worse  cjonduetor  for  heat  than  a  east-iron  one,  this 
jiiint  kiTps  ti;^lit  ('vt-n  without  the  air-cooling  just  described. 

LnsMy,  we  must  notice  the  '^  lip  '^  w>,  where  the  lead  side  of  the 
•luucer  is  iurnc'd  over  to  form  a  place  for  the  acid  to  run  oflF  con- 
tinuiilly  into  a  h'aden  spout.  This  part,  over  which  hot  acid  is 
incessantly  running,  and  whi('li  cannot  remain  covered  by  a  pro- 
tecting layer  of  l<*a(l  sulphate,  is  exposed  to  very  great  \rear  and 
tear;  and  as  it  cannot  well  be  repaired  while  the  tower  is  at  work 
the  plumlHT  must  not  neglect  to  put  a  false  lip,  consisting  of  a 
piec<»  of  sheet  lead  beaten  down  close  upon  the  real  lip.     The  acid 
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will  then  run  over  the  false  lip ;  snd  the  latter,  when  wont  out, 
can  be  replaced  by  a  fresh  piece  in  a  few  minutes'  time. 

Instead  of  a  "lip,"  a  lead  tube  of  about  1|  inch  bore  can  be 
burnt  in  the  side  of  the  saucer,  a  little  below  its  upper  edge ;  but 
the  plumber  must  do  this  with  the  utmost  care,  and  make  the  joint 
extremely  strong,  in  order  to  save  repairs,  wliich  can  only  be  done 
by  stopping  the  work.  At  Stolberg,  where  the  Glover  tower  has 
no  saucer,  but  the  bottom  and  the  sides  are  in  one  piece,  there  are 
two  ninning-otf  pipes  provided,  so  that  one  can  work  when  the 
other  is  stopped  up,  &c. 

For  the  distribution  of  the  acid,  nearly  everywhere  reaction-wheels 
are  used.  They  can  be  constructed  as  originally  designed  by 
Schafiner  (p.  380)  j  in  England,  however,  tliey  arc  usually  made 
almost  altogether  of  lead:  this  eonstruction  is  shown  on  a 
larger  scale  in  figs.  196  and  197.  On  a  small  wooden  frame  is 
Fitf.  lOa  Rg.  197. 


a  cast-iron  plate,  a,  perforated  with  holes  in  the  centre  and  in 
twenty-four  places  not  far  from  the  circumference.  It  serves  aa  a 
support  for  a  lead  cylinder  b,  of  2  feet  6  inches  width  and  12  inches 
heigiit,  vhose  bottom  is  dirided  into  twenty-four  compartments 
by  radial  lalgcs  1^  inch  high;  in  each  of  them  there  is  a  hole 
corresponding  to  one  in  the  cast-iron  plate;  and  lead  tubes,  o  o,  of 
I  inch  bore,  burnt  to  the  lead  of  the  cylinder,  are  carried  thence 
to  the  tower-cover,  where  the  pipes  are  put  loosely  into  short 
branches  burnt  to  the  cover,  the  joint  being  made  with  tar  cement; 
figures  188  and  192  show  the  way  in  which  the  pipes  are  distributed. 
In  the  middle  of  tlic  cylinder  h  (fig.  196)  a  smaUer  cylinder,  e  (7 
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inches  wide),  is  burnt  on,  whose  top  is  covered  with  a  loose  cap, 
contracted  iu  the  centre.  All  tlicse  parts  are  fast.  The  movable 
parts  consist,  first,  of  an  iron  spindle,  e,  passing  through  the  cast- 
metal  plate  a,  and  resting  below  with  its  steeled  point  on  a  piece 
of  plate  glass,  /;  on  the  top  it  is  guided  by  an  iron  point  screwed 
into  an  iron  support,  ff ;  by  turning  the  screw  the  spindle  e  can  be 
made  faster  or  looser.  The  upper  part  of  e  is  surrounded  by  a  thin 
lead  tube ;  and  at  this  part  a  dish,  h,  of  thin  lead  is  burnt  on,  &om 
which  the  four  tnlies  i  i  descend  in  the  curve  shown  in  both  figures, 
so  that  the  acid  from  the  \nyic  k,  when  running  out  of  t  i,  causes,  by 
the  reaction,  tlio  spindle  e  to  nitate  in  tbe  opposite  direction,  along 
with  the  parts  fixed  to  it.  Both  acids,  the  nitrous  vitriol  and  the 
chamber-arid,  run  into  the  lead  disli  h.  The  gas  is  prevented 
from  escaping  by  small  caps  put  on  the  mouths  of  the  pipes  oo, 
or  in  any  other  way.  Exactly  the  same  apparatus  is  use^  in  the 
English  works  for  tlie  Gay-Lussac  towers. 

A  contrivance  for  producing  a  constant  flow  of  acid,  such  as  we 
have  recommended  for  the  Gay-Lussac  tower  (see  p.  391),  is  very 
rarely  used  for  the  Glover  tower,  sim|)ly  because  the  quantities 
of  both  acids  must  be  regulated  by  hand  in  order  to  get  properly 
concentrated  and  dcnitrated  acid  at  the  bottom ;  and  this,  again, 
depends  to  sucli  an  extent  upon  the  variable  percentage  of  nitrt^en 
coniix)unds  in  the  nitrous  vitriol,  that  a  constantly  equal  supply, 
such  as  that  for  the  Gay-Liiasac  tower,  cannot  bo  carried  out. 

Through  the  kindness  of  Mr.  Schaffiier  the  author  ia  enabled  to 
give  diagrams  of  the  distributing-apparatus  at  present  working  the 
Glover  towers  at  the  Aussig  works,  in  figs.  198  and  199 ;  the  reac- 

Fip,  198. 
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tion-wlied  \h  ^hown  on  a  larger  ncale  in  figs.  200  mod  201.  There  are 
hcTc  two  rcar-tion-wljcc'l?*^  which  in  most  cases  is  not  necessary. 
y\  is  tlic  tank  for  nitrous  \itriol^  B  that  for  chamber-acid,  C 
the  distributing  apparatus,  a  the  reaction-wheel,  6  the  pan  on 
which  tlie  Mpinrlle  revolvei*,  made  of  hard-biumt  fire-clav,  c  lead 
tulKrs,  d  hjjpply  to  the  towcr  (with  hydraulic  joints — k  for  theGay- 
Lu-*Hac  iu:'u\,  k  for  the  chamlx^r-acid),  /  luting-cap,  g  stoneware 
coek,  0  t!ie  common  opening  into  the  Glover  tower. 

A  recording  to  the  dimensions  given  above,  it  is  seen  that  the 
ruhir  contnntH  of  the  Glorcr  tov:er,  measored  inside  the  lead,  with- 
out taking  any  account  of  the  lining,  the  space  underneath  the 
dome,  liccy  for  a  daily  consumption  of  9  tons  pyrites  with  AS  per 
cent,  sulphur,  amounts  to  9x9x30  feet — that  is,  to  24*"^  cubic 
feet.  This  for  every  ton  of  sulphur  put  in  daily  amounts  to 
about  .'>50  cubir-  feet ;  and  this  number  may  Ix*  considered  the  proper 
one  ff;r  the  pniportions  of  a  Glover  tower ;  and  at  some  of  the  largest 
works  it  is  closely  approached. 

Anotlier  Glover  tower  erected  bv  Bode  has  been  described  and 
figured  in  dcrtail  by  himself  (prize  essay,  p.  &),  Dingler's  Journal, 
ccxxiii.  02'ij;  as  in  principle  it  offers  no  deviation  from  the  above- 
descrilMrd  tower,  only  those  matters  will  Ix*  mentioned  in  which 
thenj  are  divergencies  in  detail.  His  tower  is  7  feet  6  inches 
mpiare  and  25  f(;(!t  high.  The  packing  consists  of  broken  pottery 
and,  at  the  \{:ry  top,  of  a  little  coke.  For  the  acids  there  are  sixteen 
inlet-pipes  with  two  reaction -wheels.  Bode  (/.  c.)  also  describes  a 
floating  rca(!tir)n-wh(;el  for  very  small  pressure,  which  certainly 
is  \i\ry  perishable,  being  made  of  glass.  He  also  describes  a 
special  contrivance  for  mixing  the  nitrous  vitriol  and  the  chamber- 
acid,  which  arc  su|)plied  separately  to  the  two  reaction- wheels,  imme- 
diately after  their  (Mitrauce  into  the  towcr.  Two  branch  pipes 
enter  into  a  common  hydraulic  lute ;  and  from  these  a  bent  pipe 
goes  into  the  tower,  which  at  the  lowest  part  of  the  bend,  where 
the  two  acids  meet,  has  an  outlet-hole.  Such  precautions,  in  most 
cases,  are  quite  unnecessary ;  the  acids  can  be  mixed  outside  (see 
p.  429) . 

S(imc  Glover  towers  are  cylindrical  (instead  of  square)^  with 
polygonally  built-up  packing.  Instead  of  a  timber  frame^  snch  as 
is  described  above,  in  some  places  a  cast-iron  or  even  a  wrouc^ht* 
iron  frame  has  been  employed  with  great  advantage. 

Bodc^s  Glover  tower  served  for  a  set  of  '^  pebble  **  kilns  be- 
tween which  and  the  towcr  a  large  dust-chamber  had  been  built. 
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The  gas,  therefore, only  reached  the  tower  152° to  180°  C.  hot;  and 
the  temperature  on  leaving  it  varied  between  30°  and  40°  C.  The 
hot  acid  running  off  showed  between  96°  and  110°  C.  "When  this 
tower  was  only  employed  for  concentrating  chamber-acid,  it  daily 
evaporated  6  tons  of  water  and  produced  2  tons  3^  cwt.  acid  of 
144°  Tw.  from  chamber-acid  of  110°.  This  corresponds  to  a 
saving  of  coals  for  chamber-steam  equal  to  1^  cwt.  per  diem. 
When  the  tower  was  employed  both  for  concentrating  and  deni- 
tratiug,  it  supplied  daily  on  an  average  2  tons  of  acid  of  144°  Tw., 
and  evaporated  9  cwt.  of  water ;  the  denitration  was  perfect.  The 
kiln-gas  had  7i  per  cent,  by  volume  of  sulphur  dioxide.  Of 
course  the  above  results  arc  much  less  favourable  than  with  the 
usual  initial  temperature  of  300°  to  400°  C.  Even  in  the  latter 
case  the  temperature  of  the  gas  leaving  the  tower  does  not  ex- 
ceed 50°  to  60°  C.  Such  a  liotter  tower  of  828  square  metres 
section,  according  toVorster  (Dingl.  Joum.ccxiii.  p. 411),  in  twenty- 
four  hours  evaporated  1400  kilog.  water ;  another  tower  of  4*55 
square  metres  section,  1048  kilog.  water,  the  kiln-gas  containing 
8  per  cent,  by  volume  of  sulphurous  acid. 

According  to  Wunderlich  (Zeitschr.  f.  d.  chemische  Grossge- 
werbe,  i.  p.  74)  and  Brauuing  (/.  c.  p.  140),  Glover  towers  do  not 
seem  to  offer  any  advantage  when  the  temperature  at  the  kiln- 
gas  on  entering  is  below  200°  C. ;  this  is  the  experience  of  the 
Oker  smclting-works.  There  each  Glover  tower,  5  feet  8  inches 
square  and  17  feet  3  inches  high,  concentrates  daily  6  tons  2  cwt. 
of  acid  to  144°  Tw.,  but  only  when  pyrites  is  used;  with  lead 
matt  and  the  like  the  initial  temperature  of  the  gas  sinks  to 
230°,  and  the  quantity  of  acid  concentrated  to  3  tons  of  144°  Tw. 

Even  when  in  Bode's  Glover  tower,  by  an  accident,  the  percent- 
age of  the  kiln-gas  had  sunk  down  to  6  or  5  per  cent,  of  sulphur 
dioxide,  there  was  still  complete  denitration  and  an  evaporation  of 
7  cwt.  of  water  daily,  equal  to  1*7  ton  of  acid  of  144°  Tw.  Bode 
calculates  from  this  that,  even  when  calcining  the  poorest  ores,  the 
Glover  tower  still  remains  a  useful  apparatus. 

Hascnclever  reports  (Ber.  d.  deutsch.  chem.  Gesellsch.  1872, 
p.  506)  that  the  Glover  tower  had  been  successful  in  combination 
with  his  plate-burners ;  the  author  has  found  the  same  in  combi- 
nation with  so-called  Maletra^s  or  shelf  burners  in  a  large  number 
of  works,  at  all  of  which,  of  course,  there  were  dust-chambers. 

There  are  certainly  two  drawbacks  connected  with  the  Glover 
tower,  one  of  which  is  temporary,  the  other  permanent.     The  coke 
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f'/f  ",r. '  '■•  I. \ T •: r . '.;.  .:.  '.  ;•. \ :. \ :u  *• : . ! i •  r; :,  :.-j  1 7Cr  Tw,  tbe  Glover- 
t/^it'r  a/  'i  hi:-  h.  •;.'.'":'/  :.ot  V:'.:.  f /■-.'-fi  aj,:.l:oaV.e,  Lari  cnisTcforni- 
i/i;^  if,  t|.*;  j,:;:*.f.  ,'ri  r:.-:.r-j.,  Jr,  th^it  r-ise  ihe  ar/id  mii^t  be  bronsLi 
io  lM''l  H.  ^y  rf.'r  -^-'ji-r';  hr.at  of  thf:  pi  at  in  urn  ^rilU,  as  pre^iouslv. 

\  lAt-.T  Jill  r-,r''»jr/i-*;iii^-':-,  a«»  Tfcr^u'iz'A  long"  since  in  England, 
anri  a*  pro'.^:')  r'i.'.^r!'j-iv«:lv  fioni  din.-ct  mimeric-al  results  bv  Bode, 
th':  ^ilowT  tow'rr  n;jiiriii;»-  by  far  the  cheapest  apparatus  for  dcni- 
irsiiiittr  nut]  chiictruirnxiii'j^ ;  it  saves  all  cooling  contrivances,  aiid 
i.H  ahlr:  to  hrifij.f  the  whole  of  the  acid  up  to  152%  nay,  even  some- 
tifiieH  ijj>  to  100'  'i'w.  That  a^^ain.st  tlicsje  advantages  there  is  no 
w:t-o(r  of  a  larj:f:r  eon^iumption  of  nitre,  Las  been  mentioned  pre- 
vioiiMly  f\t,  \2*i). 

An  iiiterestinj^  application  of  the  Glover  tower  is  that  for  utili- 
zing the  uitror^en  acids  remainin^^in  the  acid  from  the  manufacture 
of  riitrolK:nzr;ne;  these  are  u.sed  in  Kf>mc  works  for  running  down 
in  the  Glover  tower.  Of  the  utilization  of  the  acid  from  nitro- 
glycerine mention  has  been  made  already  (p.  132). 
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CHAPTER  XI, 

THEORY  OF  THE  FORMATION  OF  SULPHURIC  ACID  IN  THE 

LEAD  CHAMBERS. 

The  behaviour  of  sulphurous  acid  towards  the  various  nitrogen 
compounds  in  the  presence  of  water,  sulphuric  acid,  &c.  having 
been  explained  in  the  previous  Chapters,  and  the  so-called  chamber- 
crystals  (nitrosulphonic  acid  or  nitrosyl  sulphate)  especially  having 
been  treated  of  in  detail,  the  exposition  of  the  theories  which  have 
been  propounded  regarding  the  chamber-process  will  be  a  compara- 
tively simple  task. 

Wcmust  from  the  commencement  bear  in  mind  the  fact  that  during 
the  burning  of  sulphur,  whether  in  the  form  of  brimstone  or  pyrites, 
substantially  sulphur  dioxide  (SOg)  alone  is  formed;  the  formation 
of  sulphuric  anhydride  or  acid,  always  occurring  at  the  same  time 
(at  least  in  the  case  of  pyrites),  is  not  taken  into  account  here,  being 
merely  a  secondary  reaction,  and  not  exempting  us  from  the  task 
of  explaining  the  oxidation  of  the  sulphurous  acid  in  the  lead 
chambers.  That  this  does  not  take  place  to  an  appreciable  extent 
by  the  direct  action  of  the  atmospheric  oxygen,  may  at  the  outset 
be  taken  as  established.  But  it  is  just  as  certain  that  the  oxygen 
of  the  nitre  introduced  into  the  process  does  not  suffice  to  account 
for  it ;  for  the  sulphurous  acid  from  100  parts  of  sulphur  requires 
another  50  parts  of  oxygen  in  order  to  be  oxidized  to  sulphuric 
acid,  which  would  correspond  to  88*5  parts  of  nitrate  of  soda,  even 
if  this  compound  were  reduced  to  nitrogen.  But  it  is  well  known 
that,  under  favourable  conditions,  only  A  to  ^  of  the  above 
quantity  of  nitre  is  used ;  and  this  fact  must  now  be  explained. 

The  first  theory  on  this  subject  was  propounded  as  early  as  1806, 
by  Clement  and  Desormes  (^  Annales  de  Chimie,'  lix.  p.  329) ;  and 
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it  cannot  be  safely  said  that^  in  anv  essential  points^  we  have  at  all 
got  beyond  the  lines  they  laid  down.     They  had  studied  the  beha- 
Tiour  of  sulphurous  acid  towards  a  mixture  of  nitric  acid  and  atmo- 
spheric air  ;  and  they  proved  that,  even  in  the  crude  process  then 
in  use  (where  a  mixture  of  brimstone^  saltpetre^  and  moist  clay  was 
heated  in  a  furnace  and  the  gaseous  products  were  conducted  into 
the  lead  chamber),  considerably  more  oxygen  was  transferred  to  the 
sulphurous  acid  than  the  saltpetre  contained.     They  already  ex- 
plained this  fact  in  substantially  the  same  way  as  it  is  explained 
now-a-days,  ^nz.  thus : — From  the  nitre-gas  oxidized  by  atmospheric 
oxygen,  and  from  the  sulphurous  acid,  sulphuric  acid  is  generated, 
whilst  the  nitre-gas  is  reformed.   The  nitric  acid  is  only  the  instru- 
ment for  the  complete  oxidation  of  the  sulphur,  whieli  in  doing  its 
work  is  not  destroyed ;  for  its  "  basis  "  the  nitre-gas  takes  up  oxy- 
gen from  the  atmospheric  air  in  order  to  present  it  to  the  sulphnroos 
acid  in  a  suitable  state;  but  it  remains  in  its  original  state  at  the  end 
of  the  process  of  forming  the  sulphuric  acid.   The  presence  of  water 
they  explain  as  necessary,  first,  for  keeping  the  temperature  of  the 
reaction  sufficiently  low;  secondly,  for  condensing  the  sulphuric  acid 
as  it  forms.     They  also  observed  in  the  process  the  production  of 
white  star-shaped  crystals,  which  on  contact  with  water  gave  out 
nitre-gas  with  a  strong  evolution  of  heat. 

II.  Davy  showed,  in  1812,  that  the  presence  of  water  is  absolutely 
neccs8arj'(Bcrzelius, '  Lchrbuch,^  i.  p.  471),  because  in  the  dry  state 
the  gases  do  not  react  upon  each  other ;  but  a  small  quantity  of 
water  added  to  the  mixture  of  sulphur  dioxide  and  nitrogen  tri- 
oxidc  causes  the  formation  of  the  crystals  observed  by  Clement  and 
Desormes.  Davy,  therefore,  considered  that  body  an  intermediate 
link  iiulis])C]isablc  for  the  formation  of  sulphuric  acid ;  with  our 
present  notation  we  should  express  his  opinion  in  this  way  : — 

I.  2SO2+3NO2       -hIl20=2SO,(OH)(N02)-fNO; 
II.  2SOi(OII)(N02)-hIl20=2S02(OH)a  +  NO«+NO; 
III.  2  NO +20  =2  NO,. 

Therefore  we  commence  with  3  NOg ;  and  we  recover  of  this 
1  NOg  in  the  equation  II.,  2NO2  in  the  equation  III.,  in  order  to 
begin  the  process  over  again. 

This  opinion  has  been  accepted  by  many  other  chemists  for  in- 
stance La  Prdvostaye  (Ann.  de  Chim.  et  de  Phys.  Ixxiii.  p.  326). 
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Graclin  also  adopts  it ;  he  says  ('  Handbuch/  5th  ed.  i.  p.  875)  : — 
'^  In  all  these  cases  there  arc  mixed  in  the  chamber  sulphurous  acid 
gas,  vapour  of  hyponitric  acid,  arising  from  the  nitric  oxide  gas 
and  from  the  oxygeu  of  the  air,  and  aqueous  vapour,  which  is  in- 
troduced on  purpose.  There  is  a  crystalline  compound  of  sulphate 
of  nitric  oxide  with  oil  of  vitriol  formed,  which  sinks  down  to  the 
bottom  of  the  lead  chamber  in  the  shape  of  a  thick  white  mist  and 
dissolves  in  the  water  present  there  and  forms  dilute  sulphuric  acid, 
nitric-oxide  gas  being  evolved.  This  nitric  oxide  gas,  with  the 
remaining  oxygen  of  the  air,  again  forms  vapour  of  hyponitric  acid, 
which  condenses  a  fresh  quantity  of  sulphurous  acid  gas  into  the 
crystalline  compound,  and  so  forth. ^^ 

A  simpler  explanation  was  given  by  Berzelius  ('  Lehrbuch,'  i. 
p.  470) .  According  to  him  the  formation  of  chamber-crystals  is 
not  a  necessary  intermediate,  but  only  an  exceptional  case  which 
may  happen  in  some  parts  of  the  chamber  when  steam  is  wanting ; 
the  process,  on  the  contrary,  within  the  chamber  consists  of  the 
transference  of  oxygen  and  water  from  aqueous  nitrous  acid  (NOOH) 
to  sulphur  dioxide,  converting  it  into  sulphuric  acid,  whereby  nitric 
oxide  is  formed,  from  which,  by  means  of  oxygen  and  water,  nitrous 
acid  is  regenerated.     Thus  : — 

I.  S02  4-2NO.OH  =  S02(OH)5  +  2NO; 
II.  2NO-hO-hH20  =2N0.0H. 

The  theory  of  Berzelius,  which  is  generally  accepted,  has  been 
completely  confirmed  by  the  thorough  investigations  of  Weber. 
But  for  some  time  another  theory,  that  of  Peligot,  published  in 
1844  (Annales  de  Chim.  et  de  Phys.  (3)  xii.  p.  263),  contested  the 
palm  with  it,  and  was  accepted,  more  especially  in  France,  until 
very  recently ;  even  Kolb  ('  Etudes  sur  la  fabrication  de  Tacide  sul- 
furique,^  Lille,  1865,  p.  22)  adhered  to  it ;  and  so  did  Pelouze  and 
Fr^my  ('  Traite  de  Chimie,'  2nd  edition,  i.  p.  398), 

Peligot,  like  Berzelius,  denied  that  the  chamber-crystals  had  an 
essential  share  in  the  formation  of  sulphuric  acid,  or  that  they  ap- 
peared at  all  in  the  regular  process,  cither  in  a  solid  form  or  in 
solution.  He  attributes  the  oxidation  of  the  sulphurous  Bcid 
within  the  lead  chamber  exclusively  to  nitric  acid,  not  to  the  lower 
oxides  of  nitrogen.  The  water  is  added  to  decompose  the  hyponi- 
tric acid  formed  from  nitric  oxide  and  atmospheric  oxygen,  or  the 
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nitrous  acid  formed  at  the  same  time^  into  nitric  oxide  and  [hy- 
dratcd]  nitric  acid^  and  thus  to  regenerate  the  only  oxidizing  agent 
acting  in  this  process^  viz.  nitric  acid.  In  watery  solution  no 
nitrous  acid  exists ;  from  a  mixture  of  nitric  oxide  and  atmospheric 
air  not  N^Og,  but  only  l^^O^  is  formed.  These  opinions  will  be 
made  clearer  by  the  following  equations  (translated  into  modem 
symbols) : — 

I.  802  +  2 N0^.0H  =  S02(0H)2+N2O4; 
II.  2  N2O4  +  H3O        =  N2O3 + 2  NO2  .  OH ; 

III.  SNaOa-hHjO         =4N0-h2N02.OH; 

IV.  2  NO +  20  =Nj04. 

The  experiments  upon  which  Peligot  founded  his  theory  certainly 
proved  that  concentrated  nitric  acid  oxidizes  sulphur  dioxide  even 
at  the  ordinary  temperature,  hyponitric  acid  being  formed.  Sul- 
phur dioxide  acts  with  more  difficulty  on  dilute  nitric  acid,  and  onlj 
with  the  aid  of  heat,  nitric  oxide  being  formed.  But  Weber  points 
out  that  Peligot' s  experiments  do  not  prove  that  nitric  acid  of  that 
degree  of  dilution  which,  according  to  his  own  theory,  must  exist 
in  the  lead  chambers,  at  the  temperature  prevailing  there,  is  really 
decomposed  by  sulphurous  acid.  On  the  contrary,  according  to 
Weber's  observations,  nitric  acid  of  2  per  cent,  is  not  at  all  changed 
when  cold  by  sulphur  dioxide ;  there  is  no  appreciable  action  below 
80°  C,  a  temperature  which,  in  normal  work,  is  never  approached 
in  the  lead  chambers. 

The  classical  researches  of  R.  Weber  in  1866  and  1867  (Poggen- 
dorff's  ^  Annalen,'  cxxvii.  p.  543,  and  cxxx.  p.  329)  have  proved  the 
complete  futility,  in  all  points,  of  Pcligot's  theory,  and  have  thrown 
a  clear  light  on  the  process  within  the  lead  chamber.  Briefly,  he 
states  as  follows  : — In  the  chambers,  to  100  parts  of  sulphur,  220 
parts  of  water  are  used,  and  from  6  to  8  parts,  at  most,  of  nitrate 
of  soda.  According  to  Peligot's  equations  the  liquid  at  the  bottom 
of  the  chamber  could  thus  only  contain  from  2  to  2-3  per  cent,  of 
N2O5,  even  without  taking  into  account  that,  according  to  him,  one 
third  of  the  nitrogen  passes  as  NO  into  the  atmosphere  of  the 
chamber :  3  N204=  2  N^Og + 2  NO .  [Properly  speakings  therefcve, 
only  1*6  to  1*8  per  cent,  of  N^Og  could  be  present  in  the  chamber- 
acid,]  Weber  found,  by  direct  experiments,  when  sulphur  dioxide 
was  conducted  into  nitric  acid  containing  even  a  higher  percoitaie 
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(viz.  3  per  cent.)  of  N^Og,  that,  at  the  ordinary  temperature,  after  the 
lapse  of  half  an  hour  no  sulphuric  acid  at  all  had  been  formed,  and 
extremely  little  at  40°  C  (about  the  temperature  of  the  chambers) ; 
whilst  in  the  well-known  laboratory  experiment  in  a  glass  flask, 
from  a  mixture  of  SOg,  NO,  atmospheric  air,  and  water  there  is 
an  easy  and  instantaneous  formation  of  sulphuric  acid ;  and  the 
lead  chambers  also  produce  this  acid  so  quickly  that  the  extremely 
slow  action  of  nitric  acid  cannot  account  for  it  at  all.  Furthermore, 
Weber  proved  that  Pcligot  was  mistaken  in  supposing  that  hypo- 
nitric  acid  (N2O4)  with  water  merely  decomposes  to  NO  and  NO3H, 
and  that  N2O3  cannot  exist  in  presence  of  an  excess  of  water ;  for 
water  which  has  absorbed  vapours  of  hyponitric  acid  separates  free 
iodine  from  a  solution  of  potassium  iodide,  even  when  it  has  been 
heated  to  incipient  ebullition;  it  must  therefore  contain  N^Os; 
for  neither  pure  nitric  acid  nor  nitric  oxide  attacks  potassium 
iodide. 

Further,  whilst  dilute  nitric  acid  has  next  to  no  action  on  sulphur 
dioxide  at  the  ordinary  temperature,  there  is  a  strong  action  between 
SO2  and  water  which  has  absorbed  the  vapour  of  hyponitric  acid, 
or  if  such  water  is  added  to  the  same  dilute  nitric  acid  which  at 
first  showed  no  action,  or,  more  simply,  if,  instead  of  pure  nitric 
acid,  fuming  nitric  acid  strongly  diluted  with  water  be  used. 
Accordbigly y  the  nitrous  acid  generated  by  the  contact  of  hyponitric 
acid  and  water  oxidizes  the  sulphurous  acid  much  more  readily  than 
nitric  acid  does ;  nitrous  acid  is  therefore  undoubtedly  the  primary 
cause  of  the  reaction  for  the  formation  of  sulphuric  acid  when  moist 
air  meets  sulphurous  acid  and  the  vapour  of  hyponitric  acid.  The 
nitric  acid  which  is  formed  at  the  decomposition  of  N2O4  by  water 
remains  undecomposed  by  SOg  if  much  water  is  present.  Under 
certain  circumstances,  however,  as  will  be  shown  below,  the  nitric 
acid  is  decomposed  as  well.  For  the  chamber-process  the  behaviour 
of  N2O4  and  N2O3  towards  sulphuric  acid  of  various  degrees  of 
dilution  with  water  must  also  be  taken  into  account,  as  those  gases 
come  into  contact  with  such  acids,  both  in  the  shape  of  minute 
drops  suspended  in  the  atmosphere  of  the  chamber  and  in  the  shape 
of  the  stock  collected  at  the  bottom.  According  to  their  degree  of 
dilution,  the  sulphuric  acids  contain  nitrosulphonie  acid  (chamber- 
crystals),  free  N2O4,  or  N^Og,  as  has  been  explained  in  detail  on 
p.  370 ;  but  all  these  liquids,  when  their  density  is  much  higher 
than  that  of  ordinary  chamber-acid,  are  rapidly  decomposed  bysul* 
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tr.«r  »iV-f  :/.  .'t  wr-,«:  for  fom.;r.z  :L*:  iTdr**:*  S^J  3;,  ^^«* 

Jr  ,»,  of  .rr.j/'/rtJiiri'/:  lij  pra/.tir*  tLat  tie  ni^t  i£l"r:*  zi±xn-r?s  rra- 

\':,>.ti  f/i:i*ru\r^\(A  or.':*.  When  nitrous  »cid  i*  cifta»:lT»d  zi  i* 
;;-,.":  hyifsiV;  hOJi-^  or  f:\«:u  in  ordinaiy  ritrl^I  rf  IPI*^  Tt..  :if 
»'.,;/h>f'/;*  a/'i'J  'Jv:*  not  a/.-t  tjjjOU  it  at  all^  or  a:  Ifasr  ^ery  izctz— - 

W };«'/»  fii'ric  ;i/-i']  i»  rn ixr-fl  with  </f7ic/^  yalptuHc  ac:d  cf  txttt^ 
/y/n^yritrat-io/)^  it  is  fc^frri  that  in  a  mixture  of  pure  nitric  ^c.  d 
I  2'»  *yf\  \^T.  with  hulphuric  arrid  of  70'  Tw.  the  nitric  xcid  is  sot 
/l"//mf /'/»#:/!  hy  •"jlphfirouA  a/:ifl  in  the  cold,  bnt  quicklr  on  beis^ 
\ituU't\,  with  evolution  of  nitric  oxide;  in  the  case  of  stronser 
H/'\t\%  ^iruui  77'  Tw.  upward**,  the  decomposition  begins  in  the 
/'//Id,  and  th';  lir|iiid  thr:n  r'ontain<>  nitrous  acid.  Evidently  tLe 
ftulphurotjti  a/rid  fir^t  pr^yluc^-*  nitrons  acid  in  those  mixmres.  which 
in  prov<  d  \iy  th'ir  r;olour  and  by  their  action  on  potassiam  iodide; 
anrj  in  the  H/'Co/id  yUv^i:  tlifr  nitrous  acid  yields  up  oxy^n  direct  to 
th't  ftulphurouM  acid,  >iithout  T>cinfr  c^jmiKdled,  as  Peligot  assumed, 
it>  \tt'.  r('At('j}ui\t*j^t'i\  into  nitric  acid  and  nitric  oxide — a  preposteroos 
aHMumpiion.  ThuH  even  dilute  nitric  acid,  brought  into  contact 
with  niMlr;rate)y  Mtron^  Hulphuric  acid,  may  be  useful  for  the 
chamlx;r-firoer!HH,  aH  in  that  case  the  water  is  taken  a^ray  from  it, 
anrj  in  the  eon eent rated  Ktatc  it  is  readily  attacked  by  sulphurous 
a(;irl ;  thiH  in  jiiHt  what  takes  place  in  the  chamber. 

HerzeliiiM  f  Jahrcjsherieht/  xxv.  p.  65)  refuted  Peligot*s  opinion 
that;  in  tiu;  (chambers,  no  nitrous  acid  is  formed  from  nitric  oxide 
and  atmr)Kpheric  air,  but  merely  hyponitric  acid  ;  endiometric  ex- 
(KTimenth  with  nitric  oxide  and  oxygen  have  shown  that,  according 
to  the  c;X(!eHH  of  one  gas  or  the  other,  there  is  more  or  less  conden- 
sation, and  that  in  any  case  there  is  always  a  formation  of  nitrons 
acid,  even  with  an  excess  of  oxygen. 

According  to  the  above  argumentation,  the  water  cannot  play 

j)art  which  Pcligot^H  theory  attributes  to  it  as  the  essential  one, 

viz.  that  of  decomposing  hyponitric  and  nitrous,  and  causing  the 

formation  of  nitric  acid.     The  water  no  doubt  acts  essentially 'by 

making  possible  the  formation  of  sulphuric  acid  proper  (SO4H]). 
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With  the  modem  opinions  on  the  essence  of  acids  this  is  a  matter 
of  course ;  and  it  is  therefore  unnecessary  to  cite  the  many  experi- 
ments and  arguments  adduced  by  Weber  as  proof  that  the  water 
disposes  the  sulphurous  acid  to  oxidation.  It  should^  however,  be 
added  at  once  that  just  enough  water  to  form  SO4H2  is  not  suffi- 
cient, because  this  strong  acid  would  dissolve  the  nitrous  gas,  so 
as  to  form  nitrosulphonic  acid,  and  would  thus  withdraw  it  from 
the  chamber-process ;  sufficient  water  must  be  used  to  form  an  acid 
of  no  more  than  124°  or  128°  Tw.;  then  only  does  the  chamber- 
process  go  on  regularly. 

According  to  Weber's  experiments,  the  following  process,  there- 
fore, goes  on  within  the  chambers.  The  sulphurous  acid  is  oxidized, 
mainly  by  the  oxygen  of  the  nitrous  acid,  which  thereby  passes  into 
nitric  oxide ;  it  does  tliis,  however,  only  when  dissolved  in  water  or 
in  dilute  sulphuric  acid;  and  such  a  watery  solution  is  formed 
either  direct  from  free  N2O3  or  by  the  decomposition  of  N2O4.  In 
the  latter  case,  at  the  same  time,  nitric  acid  is  formed,  which 
can  only  be  decomposed  by  the  mediation  of  already  formed 
sulphuric  acid.  The  part  played  by  the  water  has  just  been  ex- 
plained. 

There  is  an  agreement  in.  all  essential  points,  but  not  in  all  de- 
tails, between  the  opinions  of  Weber  and  those  published  almost 
contemporaneously  by  A.  Winkler  (Untersuchungcn  &c.  p.  20). 
Winkler  also  affirms  the  oxidation  of  sulphurous  acid  by  nitrous 
acid ;  but  according  to  him  the  part  played  by  hyponitric  acid  is 
more  essential  than  that  which  Weber  assigns  to  it.  Winkler 
believes  the  latter  to  be  formed  principally  by  the  action  of  air  on 
nitric  oxide  (contrary  to  the  statements  of  Bcrzelius  and  Weber) ; 
it  then  combiues  with  sulphurous  acid  and  water  to  form  nitro- 
sulphonic acid,  which  sinks  down  to  the  bottom  in  the  shape  of  the 
well-known  mist,  here  comes  into  contact  with  the  dilute  hot  [?] 
chamber-acid  and  dissolves  in  it,  evolving  gaseous  N^Os,  which  oxi- 
dizes a  new  quantity  of  sulphurous  acid,  thereby  passing  into  NO, 
the  latter  beginning  the  process  anew.  It  is  clear  that  this  comes 
to  the  same  thing  as  the  oldest  theory  of  the  chamber-process ;  with 
Gmelin's  explanation  especially,  quoted  above,  it  agrees  almost 
word  for  word. 

From  Weber's  opinions  the  following  formulae  can  be  de- 
rived : — 


2a 
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I.  SO2  +  NgOa  +  H^O  =  SOa  (OH),  +  2  NO  ; 

IT.  2N0  +  0  ^NjOa; 

and  as  secondary  reactions  : — 

III.  2  NO +  2  0  =N204; 

IV.  N2O4  +  II^O  =N0  .  OH  +  NO, .  OH; 

V.  4N03lI  +  5SOa  +  3H30=5SOa(OH)j  +  2NO  +  NAi 

Winklcr^s  opinions  can  be  represented  thus : — 

I.  NA  +  SO^+HP  =S02(OH)2  +  2NO; 

II.  2NO  +  2  0  =N204; 

III.  2NA  +  2SO2  +  H2O     =2S03(OH)(NO2)+N,0,; 

IV.  2  SO^(OII)  (NO2)  -h  H3O =2  S02(OH)2  +  N2O3. 

The  secondary  reactions  III.  to  V.  of  Weber's  theory  at  all  events 
take  place  licre  as  well. 

Winkler^s  theory  is  rather  more  complicated  than  that  of  Bcr- 
zclius  and  Weber;  moreover  it  only  reckons  with  the  reaction 
2NO-h2  0=N204,  and  leaves  out  of  sight  the  other,  certainly 
existing,  reaction,  2  NO  +  O  =N20s.  Winkler  himself  only  regaids 
it  as  prohabhy  without  giving  any  proof  of  it,  and  no  doubt  does 
not  accentuate  the  deviation  of  his  opinions  from  those  of  Berzelius 
and  Weber. 

Whichever  formula;  may  be  chosen  for  explaining  the  chamber- 
process,  a  certain  difficulty  will  always  remain  in  the  assumption  of 
a  simultaneous  oxidation  of  nitric  oxide  and  reduction  of  higher 
oxides  to  nitric  oxide.  But  although  both  processes  undoubtedly 
take  place  at  the  same  time,  this  may  happen  in  the  same  chamber 
imder  different  conditions :  when  in  a  certain  part  nitrous  gas  is 
reduced  to  nitric  oxide,  sulphurous  acid  vanishes  at  that  part,  and 
the  excess  of  oxygen  present  everywhere  can  now  oxidize  the  nitric 
oxide  again ;  by  currents,  diffusion,  &c.  fresh  sulphurous  acid  is 
brought  in,  and  the  process  commences  again.  Besides^  in  any  case 
the  law  of  the  action  of  masses  comes  into  play,  which  may  even 
cause  qualitatively  inverse  reactions  between  the  same  substances 
when  their  relative  quantities  are  changed — for  instance  the  reduc- 
tion of  ferric  oxide  and  formation  of  water  in  an  atmosphere  of 
hydrogen,  and  the  oxidation  of  iron  in  an  atmosphere  of  aqueons 
vapour.     In  a  similar  way  the  conditions  in  diflFerent  parts  of  the 
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chamber  may  differ  so  that  both  reactions  take  place^  the  oxidation 
as  well  as  the  reduction  of  the  nitrogen  compounds. 

The  question  may  now  be  raised^  Which  of  the  oxides  of  nitrogen 
is  principally  present  in  the  atmosphere  of  the  chamber?  or  are 
they  there  in  a  state  of  equilibrium  ?  It  is  probable  that  in  the 
atmosphere  of  the  chamber  the  highest  and  the  lowest  oxide  in 
question  here  exist  only  momentarily  and  in  certain  places.  This 
holds  good  of  the  nitric  acid,  because  it  is  reduced  immediately  on 
entering  the  chamber  by  the  sulphurous  acid  with  the  assistance 
of  the  aqueous  vapour  and  of  sulphuric  acid,  and  because,  on  the 
other  hand,  the  lower  oxides  of  nitrogen  cannot  unite  with  oxygen 
to  reform  nitric  acid,  but,  at  the  most,  only  hyponitric  acid.  On 
the  other  hand,  the  nitric  oxide,  NO,  can  only  exist  momentarily, 
although  we  consider  it  as  continuously  coming  into  existence, 
because  there  is  oxygen  present  all  over  the  chamber,  which  imme- 
diately oxidizes  it  again.  But  as  far  as  nitrous  and  hyponitric  acid 
(nitrogen  trioxide  and  tetroxide)  are  concerned,  it  is  quite  possible 
that  in  many  places  they  are  in  excess ;  and  since  there  is  always 
an  excess  of  oxygen  present  as  well,  the  gas,  when  in  equilibrium, 
will  contain  those  two  nitrogen  oxides.  If  the  composition  of  the 
gas  could  be  fixed  at  any  given  moment,  in  a  normally  working 
chamber,  the  molecules  just  then  present  of  N^Og  and  N3O4  would 
greatly  exceed  in  number  those  of  NO.  This  is  also  proved  by  the 
yellow,  or  even  dark  red,  colour  of  the  gas  as  seen  through  the 
windows  of  the  lead  chambers.  Only  in  "  pale  '^  chambers  will 
nitric  oxide  (NO)  predominate.  Which  of  the  two  oxides,  N^Og 
or  N2O4,  is  in  greatest  quantity  in  a  normal  chamber  is  a  different 
question.  Most  probably  both  of  them  are  always  present ;  but 
according  to  Weber  the  amount  of  N2O3,  according  to  Winkler 
that  of  N2O4  would  be  the  greater.  The  author  believes  he  has 
good  reason  for  assuming  that  in  a  normally  working  chamber, 
where  there  is  neither  too  much  nor  too  little  oxygen,  the  nitrous 
acid  greatly  predominates  over  the  hyponitric  acid.  This  can  be 
inferred,  1  st,  because  according  to  Winkler's  and  the  author's  own 
experiments  nitric  oxide  in  the  presence  of  sulphuric  acid  of  mode- 
rate strength,  which  is  everywhere  present  in  the  chamber  in  the 
shape  of  a  mist,  is  not  oxidized  beyond  N2O3  even  by  an  excess  of 
oxygen ;  2nd,  because  tlie  nitrous  vitriols  analyzed  by  the  author 
never  showed  more  than  traces  of  higher  oxides  than  N^Og  (that  is, 
nitrosulphonic  acid  proper),  whilst,  for  instance,  when  the  pure 

2g2 
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hypoQitric  acid  given  off  by  heating  lead  nitrate  was  absorbed  hj 
sulphuric  acid,  quite  normally  a  mixture  of  equal  parts  of  N^Oj 
and  N2O5  was  found.  The  different  results  found  by  several 
chemists  (Kolb,  AV inkier,  Hurter)  with  respect  to  their  nitrous 
vitriols  can  be  referred  to  faulty  analytical  methods — with  certainty 
in  some  cases ;  and  in  others  the  matter  at  least  demands  reinves- 
tigation now  that  the  analytical  methods  have  been  so  much  im- 
proved. It  may  also  have  been  the  consequence  of  irregular  work. 
Wliere  the  formation  of  sulphuric  acid  ceases  almost  entirely  in 
the  last  chamber,  the  condition  for  forming  nothing  but  N^Os  is 
absent ;  and  in  that  case  first  N3O4,  and  then,  by  its  contact  ?ritli 
water,  also  NoOg  will  be  formed. 

To  be  sure,  if  the  free  oxygen  should  be  used  up,  the  sulphurous 
acid,  then  in  excess,  will  at  once  reduce  N2O3  and  N2O4  to  NO, 
and  the  chamber  will  turn  pale.  The  same  will  happen  when  too 
much  air  enters,  because  then  the  gas  gets  too  much  diluted. 
When  there  is  a  deficiency  of  sulphurous  acid  (which  in  normal 
work  ought  not  to  happen),  much  of  the  nitrogen  wiU  be  converted 
by  the  oxygen  in  excess  to  N2O4,  which  will  be  split  up  with  the 
water  into  NaOg-hNOj .  OH.  This,  however,  can  only  happen 
when  the  chamber-acid  is  very  dilute ;  otherwise  from  the  first 
only  N^Og  is  formed  (see  above),  and  therefore  no  NO^.  OH  will 
appear. 

There  still  remains  for  consideration  another  very  important 
matter,  which  has  found  no  expression  in  any  of  the  above  formula 
and  statements.  According  to  all  the  equations  given  above,  the 
oxidation  of  sulphurous  acid  by  the  nitrogen  acids  is  effected  in 
this  way  : — They  are  not  reduced  beyond  the  stage  of  nitric  oxide; 
and  since  nitric  oxide,  so  long  as  it  meets  with  air  in  excess,  at 
once  passes  again  into  N^Og  and  N2O4,  there  ought  to  be,  if  the 
chamber  is  in  proper  working  order  and  with  the  proper  excess  d 
oxygen,  no  loss  of  nitrogen  oxides  whatever,  and  the  stock  once 
introduced  into  the  chambers  ought  to  last  for  ever.  This  is  well 
known  not  to  be  the  case ;  even  at  those  works  where  the  best 
Gay-Lussac  towers  are  employed,  and  at  the  same  time  the  proper 
composition  of  the  kiln-gas  is  maintained,  at  which^  therefore,  all 
the  nitrogen  compounds  in  the  Gay-Lussac  tower  ought  to  be 
recovered  and  restored  to  the  chambers — even  there,  when  the 
working  progresses  favourably,  nearly  3  parts  (mostly  nearer  4 
parts)  of  nitrate  of  soda  must  be  introduced  for  every  100  parts  d 
sulphur  burnt. 
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The  sources  of  thi5  loss  of  nitre  may  certainly  be  of  various  kinds. 
In  the  first  place,  the  absorption  of  the  nitrogen  oxides  in  the  Gay- 
Lussac  tower  may  not  be  quite  perfect.  This  cannot  amount  to  a 
great  deal,  if  the  tower  is  sufficiently  large  and  is  sufficiently  fed 
with  strong  and  well-cooled  acid ;  but  when  only  one  of  these  con- 
ditions is  neglected,  there  will  be  at  once  a  considerable  loss  of 
nitrogen  acids,  and  consequently  more  waste  of  nitrate  of  soda. 
If  arsenious  acid  occurs  in  considerable  quantity  in  the  sulphuric 
acid  used  for  the  Gay-Lussac  tower,  some  nitric  oxide  will  be  lost, 
because  the  arsenious  acid  will  at  least  partly  be  oxidized  to  arsenic 
acid  at  the  expense  of  the  nitrous  acid.  With  an  excess  of  oxygen, 
such  as  is  or  should  be  always  present,  the  nitric  oxide  cer- 
tainly ought  to  be  reoxidized  at  once  to  N^Og  and  to  be  dissolved 
in  the  tower-acid ;  but,  owing  to  insufficient  contact  and  time,  this 
reaction  will  probably  never  be  complete.  Much  greater  losses, 
through  the  formation  of  nitric  oxide,  will  be  caused  by  any  sul- 
phurous acid  getting  into  the  Gay-Lussac  tower;  but  this,  in 
normal  working,  is  not  likely  to  occur  to  an  appreciable  extent. 
At  any  rate  it  seems  to  be  established  that  even  with  a  large  excess 
of  oxygen  there  is  still  some  nitric  oxide  left,  although  in  very 
smjall  quantity ;  this  is  to  be  attributed  either  to  imperfect  mixture 
of  the  gases  or  to  a  phenomenon  of  dissociation.  It  need  hardly 
be  mentioned  that,  owing  to  the  almost  perfect  insolubility  of  nitric 
oxide  in  sulphuric  acid  (p.  365),  all  that  in  this  state  gets  as  far  as 
the  Gay-Lussac  tower  escapes  recovery. 

Secondly,  nitrogen  oxides  may  go  along  with  the  finished  sul- 
phuric acid  taken  away  from  the  chambers.  This  source  of  loss 
exists  only  to  an  extremely  small  extent  for  manufacturers  working 
with  the  Glover  tower,  who  pass  all  their  chamber-acid  through 
the  tower,  and  also  for  all  others  in  a  totally  insufficient  degree  to 
explain  the  actual  loss  of  nitre.  There  must  therefore  be  another 
source  of  the  latter ;  and  this  seems  to  point  to  the  fact  that  under 
certain  conditions  the  nitrogen  compounds  are  reduced  to  NgO  or 
even  to  N,  in  which  state  they  cannot  be  reoxidized  by  the  atmo- 
spheric oxygen,  but  must  escape  along  with  the  other  inert  gases 
of  the  chambers.  Pelouze  already  (Annales  de  Chim.  et  de  Phys. 
Ix.  p.  162)  pronounced  the  opinion  that,  in  case  of  a  want  of  oxygen 
in  the  atmosphere  of  the  chamber,  moist  sulphurous  acid  may  cause 
a  reduction  of  the  nitric  oxide  to  nitrous  oxide,  since,  according  to 
him,  a  gaseous  mixture  of  2  vols.  NO  and  1  vol.  SOj  in  the  pre- 
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sencc  of  water  is  condensed  to  1  vol.  NgO  within  a  few  hours. 
Weber  (Poggend.  Ann.  cxxx.  p.  329)  could  not  entirely  confirm 
this ;  he  found  the  formation  of  nitrous  oxide  by  the  mutual  re- 
action of  the  al)ove  two  gases  to  be  far  too  slow  to  account  for  the 
loss  in  the  chambers,  and  still  less  as  the  conditions  there  are  dif- 
ferent from  those  of  Pelouze's  experiments,  viz.  as  the  oxygen  of 
the  chamber-acid  is   never   completely  used  up.     According  to 
Kuhlmann  (p.  422)  the  reduction  of  nitric  oxide  goes  even  as  far 
as  nitrogen ;  but  he  worked  under  conditions  never  occurring  here, 
viz.  in  the  presence  of  spongy  platinum ;  and  therefore  we  need  not, 
in  this  connexion,  pay  any  attention  to  his  results.     Pelouze^s  ex- 
planation of  the  loss  of  nitre  is  certainly  not  valid  for  a  normallj 
working  chamber ;  so  that  another  explanation  must  be  sought  for. 
Now,  according  to  Weber,  certainly  even  nitrous  acid  is  easilj 
reduced  to  nitrous  oxide,  but  only  in  presence  of  an  excess  of  water. 
This  is  proved  by  the  fact  tliat  a  dilute  solution  of  pure  nitrous  add 
with  a  watery  solution  of  sulphurous  acid  produces  almost  twice 
the  quantity  of  sulphuric  acid  that  corresponds  to  the  equation 

NA+SO,-hH20  =  2NO-hS03(OH)j. 

The  following  process  must  have  occurred  : — 

N,03+2SOs  +  2Il20  =  N20-f-2SOj(OH),; 

and,  by  collecting  the  evolved  gas,  Weber  in  fact  convinced  himself 
that  it  was  not  nitric  oxide,  but  nitrous  oxide. 

It  must,  however,  be  distinctly  pointed  out  that  this  reaction 
only  happens  if  very  much  water  is  present.  Even  if,  instead  of 
water,  dilute  sulphuric  acid  meets  sulphurous  acid  and  nitrous 
vapours,  what  is  formed  is  almost  entirely  nitric  oxide.  The  latter 
is  also  generated,  apart  from  the  sulphuric  acid,  when  sulphur 
dioxide,  nitrogen  trioxide,  and  only  as  much  water  as  is  present  in 
the  chamber  under  normal  circumstances  meet  together.  On  the 
other  hand,  under  the  same  circumstances  as  nitrous  acid,  even 
nitric  acid  can  be  reduced  to  nitrous  oxide  by  sulphurous  acid,  but 
with  more  difficult  v. 

This  behaviour  of  the  nitrogen  acids  explains  why  during  dis- 
turbances of  the  work,  when  the  quantity  of  sulphuric  acid  falls 
and  that  of  water  in  the  chamber-air  is  thereby  relatively  increased, 
the  chambers  become  pale  and  large  losses  of  nitre  occur.  His 
fiirther  explains  the  fact  that  a  new  chamber  is  more  easily  got  into 
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working  order  when  started  with  dilute  sulphuric  acid  than  when 
started  with  water ;  in  the  latter  case  a  large  quantity  of  the  nitre- 
gas  will  be  reduced  to  nitrous  oxide  by  contact  with  the  water  and 
will  be  lost,  until  at  length  a.  sufficiently  strong  sulphuric  acid  has 
collected  at  the  bottom  of  the  chamber  to  obviate  this.  But  even 
in  normal  working  the  conditions  for  the  formation  of  nitrous  oxide 
cannot  be  entirely  excluded.  Especially  near  the  inlets  for  the 
steam  (that  is,  in  the  very  moist  parts  of  the  chamber-space)  there 
is  probably  a  formation  of  N^O  by  the  reaction  of  SOg  on  N^Og  in 
presence  of  an  excess  of  water. 

From  all  those  sources  taken  together,  and  considering  that  an 
absolutely  normal  working  of  the  process  cannot  be  attained  even 
with  the  greatest  care,  is  to  be  explained  why  a  certain  loss  of 
nitre  in  manufacturing  sulphuric  acid  is  unavoidable,  as  well  as 
the  fact  that  since  the  introduction  of  a  more  rational  style  of 
working  that  loss  has  become  much  smaller.  The  absorption  of 
nitre-gas  by  strong  sulphuric  acid,  the  possibility  afforded  by  this 
of  allowing  the  former  to  predominate  in  the  last  chamber,  and  the 
control  of  the  kiln-gas  by  analysis  are  the  principal  items  of  pro- 
gress in  this  respect. 

The  following  concluding  observations  on  the  theory  of  the 
chamber-process  seem  to  present  some  interest.     It  is  a  matter  of 
experience  that  the  reactions  above  explained,  consisting  in  reduc- 
tions and  oxidations,  do  not  take  place  instantaneously,  but  require 
a  certain  time,  in  order  to  produce  a  maximum  of  sulphuric  acid 
with  a  minimimi  of  nitrogen  oxides.     This  is  demonstrated  by  the 
fact  that  for  a  certain  quantity  of  sulphur  burnt  there  must  be  a 
minimum  of  chamber-space,  in  order  to  obtain  the  best  possible 
yield  of  sulphuric  acid.     This  question  has  been  spoken  of  on  page 
^94.     That  is  to  say,  in  order  that  a  certain  number  of  molecules 
of  sulphurous  acid  may  be  oxidized  to  sulphuric  acid  by  means  of 
the  stock  of  nitrous  acid  present  by  a  succession  of  reductions  and 
oxidations,  but  not  by  reduction  below  nitric  oxide,  there  must  be 
a  sufficient  time  afforded  for  the  necessary  inversions  of  the  reaction 
to  take  place.     What  this  time  amounts  to,  can  be  calculated  from 
the  chamber-space ;  but  the  uncertainty  of  the  amount  of  the  cham- 
ber-space, which  can  only  be  settled  empirically,  must  make  the 
time  result  uncertain  as  well.     Such  calculations  have  been  made 
by  Schwarzenberg  (p.  398)  and  Bode  (note  to  his  translation  of 
H.  A.  Smithes  pamphlet^  p.  108).    The  first  arrives  at  the  conclu- 
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fvt  rr.^r.t.^.r.r.ii  or.  p.  2Cf.>.  ami  e-tahlL^hed  hj  macirbid  experience 
of  i:.-':  lirz^*^t  ai-.i  i-ncakrr*.  riz.  thar  a  chamber-space  of  1*2  cabic 
ir.etr^;  y:  'k..',^jt^zl,  vi\:ial  to  11>"2  cnbio  feet  per  lb.,  of  the  solphnr 
cr-iritJi!:.r;«'i  in  th'-  pvritcr*,  chir^rd  every  24  h«>ars,  is  quite  sufficient 
for  a  maiiir.'im  ji^'.ld  of  acid  and  a  minimam  consninption  of  nitre, 
pTe^';p:,o-:r*if  thfr  f-x:<»ter-oe  of  a  Gay-Lnssac  and  a  Glover  tower  and 
the  frrr.pioyrner.t  of  nrh  ore*  *ay,  with  8  per  cent,  by  volmne  of 
•Tjlphtjr  fiioiide  in  the  kiln-^a*  .  If  the  ore  contains  48  per  cent, 
of  ftulj.hnr,  of  k  hich  4  per  cent,  remains  in  the  cinders^  and  44  per 
crmt.  i-  rr-ally  ^vf-n  off  a*  ga«,  of  each  IGOO  grams,  of  sulphur  only 
^{=917  grains  will  really  arrive  in  the  chambers  in  the  shape  of 
mlphnroTis  acid.  The  ^mall  quantity  of  SO^  formed  directlT, 
com  p.  p.  2^2^  can  be  neglected  in  this  calculation.)     This  quantity 

917x  f>l 
corrc^fjf^ndjj   to  — -  ^ —   sulphur  dioxide  =  1834  grams.     Xov 

1  gram  SOj^  at  0'  C.  and  7G0  millims.  barometric  pressure,  fills 
the  Hpace  of  0318  litre;  1831  grams,  therefore,  638*2  litrcs.  K 
8  pfrr  cent,  by  volume  of  this  gas  is  contained  in  the  burner-gas, 
the  t^;tal  Tolumc  of  the  latter  for  1834  grams  SO,  will  thus  be 

7977*5 1.  at  0°  and  760  millims., 

or,  at  the  chamber-temperature  of  50°  C, 

(278-K50)7977-5^^33.g  ^^ 
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To  this  must  be  added  the  increase  of  volume  caused  by  satura- 
tion with  aqueous  vapour,  by  which  the  volume  becomes 

„  _  V  X  760 

where  V  is  the  volume,  at  the  temperature  of  the  experiment,  just 
found,  and  e  the  tension  of  the  aqueous  vapour  for  the  same  tem- 
perature ;  in  this  case,  for  50°  C,  e  is  =92  millims. ;  the  equation 
thus  becomes 

„      9438-5x760     ,^^„q  .  ,.^ 
^>=    760-92     =10738-4  litres. 

Now  we  have  assumed  that  for  this  volume  of  gas  there  is  a 
chamber-space  of  1-2  cubic  metre  =1200  litres;  within  24  hours, 

therefore,  the  chamber  must  be  filled  —r-^^—= 8*949  times;  or,  in 

24 
other  words,  the  gas  will  take  ^;^r-rQ  =  2*682  hours  in  order  to  travel 

from  the  entrance  of  the  chambers  to  their  outlet ;  and  it  must, 
therefore,  during  this  time  give  up  all  its  sulphurous  acid  condensed 
to  sulphuric  acid.  If  we  would  make  the  calculation  more  exact, 
we  should  have  to  take  the  volume  of  nitrogen  into  account ;  but, 
in  the  first  place,  this  volume  is  proportionally  so  small  that  the 
results  would  not  be  materially  changed ;  and,  secondly,  we  do  not 
know  in  which  shape  (as  N^Og,  N2O4,  S0a(N0a)(0H),  &c.)  the 
nitre-gas  is  present  in  the  chamber-atmosphere,  and  therefore  we 
cannot  calculate  its  volume.  Further,  for  a  precise  calculation,  we 
ought  to  take  into  account  the  deviation  of  the  outer  atmospheric 
pressure  from  760  millims.  For  obvious  reasons,  however,  we 
abstain  from  doing  that  in  this  instance.  Nor  must  it  be  forgotten 
that  by  far  the  greater  portion  of  the  sulphuric  acid  is  formed  in 
the  first  half  of  the  chamber-space,  and  therefore  the  action  is  very 
unequally  distributed. 

The  quantitative  amount  of  action  which  the  nitre-ffas  exerts  in 
the  chamber y  or  the  number  of  reductions  and  oxidations  under- 
gone by  the  same,  will  be  found  by  the  following  calcidation  (in 
which  wc  assume  a  consumption  of  4  parts  of  pure  sodium  nitrate 
to  100  parts  of  sulphur  burnt,  which  figure  in  well-managed  works 
is  not  even  reached)  : — ^The  100  sulphur  yield  200  parts  of  SOg, 
and  require  another  60  oxygen,  in  order  to  form  sulphuric  acid. 
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along  with  the  necessary  water^  about  which  we  need  not  tronble 
here.  The  4  parts  of  nitrate  for  this  object  give  np,  in  the  first 
instance^  that  part  of  their  oxygen  which  nitric  acid  loses  when 
passing  into  hyponitric  acid — that  is, 

1x16     ^o-^ 
^3^=0-3.7  oxygen, 

which  must  be  deducted  from  the  above-mentioned  50  parts  to 
begin  with,  and  brings  it  down  to  49*623  parts,  which  have  to  be 
supplied  by  reduction  and  regeneration  of  the  hyponitric  acid 
formed.     Now  hyponitric  acid  from  4  parts  of  sodium  nitrate  can 

yield  up  =0753  part  of  oxygen  in  order  to  be  reduced  to 

nitric  oxide  (NO) ;  and  it  will  therefore  have  to  be  regenerated 

49*623 
FT^^ii  =65*9  times  in  order  to  accomplish  its  purpose. 

This  calculation  has  been  made  on  the  assumption  that  in  the 
lead  chamber  hyponitric  acid  is  the  essential  active  principle.  But 
if  (in  accordance  with  the  opinion  of  Berzelius,  Weber,  and  the 
author  himself)  nitrous  acid  be  assumed  as  such,  by  reduction  of 
nitric  acid  to  nitrous  acid  there  is  obtained,  from  4  parts  of  sodium 
nitrate, 

4x16     n.-.Q 

which,  deducted  from  50  parts,  leaves  49*247  parts  of  oxygen  to  be 
supplied  by  the  further  action  of  nitrous  acid.  The  nitrous  acid 
from  4  parts  of  sodium  nitrate,  when  reduced  to  nitric  oxide,  yields 

- — — =0*377  oxygen,  and  is  therefore  reduced  and  regenerated 

^  X  oO 

49*247 


0-377 


=  130-6  times 


in  order  to  carry  out  the  work  in  the  chambers. 

This  can  also  be  expressed  as  follows : — ^The  gas  evolved  out  of 
the  nitre,  under  the  above  conditions  (now  attained  as  a  minimum 
in  all  well-managed  works),  is,  assuming  the  truth  of  the  hypo- 
nitric-acid  theory,  utilized  65*9  times — assuming  that  of  the 
nitrous-acid  theory,  even  130*6  times,  before  it  is  lost  in  the  shape 
of  nitrous  oxide,  possibly  as  nitrogen,  or  by  the  escape  of  higher 
oxides  or  nitrogen  in  spite  of  the  Gay-Lussac  tower,  or  by  being 
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earned  away  in  the  chamber-acid  &c.  That  this  result  is  much 
more  favourable  than  those  of  Schwarzenberg  and  Bode  (quoted 
above)  is  caused  by  the  former  assuming  a  consumption  of  6  parts 
nitre  to  100  parts  of  sulphur,  the  latter  of  4  parts  of  nitre  to  100 
parts  of  strong  vitriol,  or  12  parts  to  100  parts  of  sulphur — figures 
which  afford  a  telling  proof  of  the  great  progress  made  in  the  mean- 
time in  the  manufacture  of  sulphuric  acid. 

In  the  modern  manufacture  of  sulphuric  acid  there  is  always 
to  be  taken  into  account  the  recovery  of  a  large  portion  of  the 
oxides  of  nitrogen,  by  which  these  are  compelled  to  make  their 
way  through  the  chambers  more  than  once.  The  absolute 
quantity  of  the  oxides  of  nitrogen  present  at  any  given  time  in 
the  chambers  is  in  this  case  even  larger  than  with  the  former 
process  without  recovery  of  nitrogen,  since  in  the  new  process 
the  last  chamber  can  and  must  be  kept  much  richer  in  nitre- 
gas  than  in  the  old  process.  Evidently,  to  the  newly  intro- 
duced quantity  of  nitre  that  quantity  must  be  added  which  is  re- 
introduced into  the  process  by  the  Gay-Lussac- tower  acid  (the 
nitrous  vitriol),  and,  in  the  case  of  a  Glover  tower,  also  that  which 
is  obtained  by  complete  denitration  of  the  chamber-acid.  It  is 
impossible  to  make  a  general  statement  on  the  quantities  of  nitre 
proceeding  from  these  sources,  since  they  differ  in  each  individual 
set  of  chambers,  and  even  in  the  same  set  at  different  points ;  but 
it  may  be  safely  assumed  that  the  quantity  of  nitre  circulating  in 
a  set  of  chambers  is  at  least  twice  the  quantity  freshly  introduced. 
For  a  special  case  (which,  to  be  sure,  only  holds  good  locally) 
Hurter  (Dinglcr's  Journal,  ccxxvii.  p.  565)  calculates  the  quantity 
of  nitre  in  circulation  at  fourfold  the  quantity  newly  added — viz. 
at  1961  parts  to  100  parts  of  sulphur  burnt,  as  against  5*04  parts 
freshly  added. 
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CHAPTER  XIL 


THE  PURinCATIOX  OF  SULPHTTIIC  ACID- 

The  Titriol  of  tndc,  sl^  it  is  produced  in  the  chambers^  always 
coTitainA  a  number  of  impurities,  partly  owing  to  the  raw  material, 
cnjiTx-ially  the  pyrites,  employed,  partly  from  the  nitre,  the  water, 
the  U:z(\  of  the  chambers,  ^e.,  not  to  speak  of  intentional  adnltera- 
tions.  Since  this  acid,  if  at  all,  has  to  be  purified  at  the  sta^  at 
which  we  have  now  arrived,  riz.  as  chamber-acid^  before  being 
cf>nccntratf:d,  wc  shM  now  treat  of  this  matter,  although,  in  the 
great  majority  of  works,  the  chamber-acid  ia  nerer  purified,  nor  is 
there  any  o<;casion  for  it.  For  the  sake  of  completeness,  we  shall 
here  dcrscri^x;  also  the  manufacture  of  pure  distilled  oil  of  Titrid, 
although  this  already  pr(*sup{>o^es  the  concentration  of  acid  on  a 
larj^e  scale,  to  Ix;  dcscri^x;d  hereafter. 

7  he  emenlial  irnpvrititi  of  chamber-acid  msj  consist  of: — arsenic 
acid,  arsenious  acid,  antimonic  oxide,  selenium,  thallium,  lead, 
iron,  copper,  lime,  aluminium,  alkalies;  further,  sulphurous  add, 
nitric  a^;id,  nitrous  acid,  organic  substances.  According  to  Kuhle- 
mann,  for  instance  (Wagner's  Jahresb.  1872,  p.  253),  the  acid  of 
two  Harz  works  contained  to  each  100  grams  SO3: — 

a.  b. 

Arsenic 00088  grm.  001 74  grm. 

Antimony 0*0394  „  trace. 

Copper 00013  „  „ 

Iron 0'0081  „  not  estimated. 

Zinc 00087  „  „ 

Lead trace  00231  grm. 


According  to  Brauning  (Preuss.  Zeitschr.  fiir  Berg.-  &c.  Weseo 
1877,  p.  142)  the  chamber-acid  at  Oker  in  the  Hars  contains  on 
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the  average  0*05  per  cent,  of  arsenic  and  O'OOS  per  cent,  of  anti- 
mony. Selenium  has  been  found  in  sulphuric  acid  by  Kuhlmann^ 
Schcurer-Kestner,  Lamy,  and  others  (Wagner,  ib.  p.  246)  ;  its 
occurrence  in  the  flue-dust  and  the  chamber-deposit  are  well  known. 
Most  of  these  substances  occur  partly  in  too  small  a  quantity  in 
the  vitriol  to  be  injurious,  partly  they  are  without  any  influence  for 
most  uses  of  the  sulphuric  acid ;  the  lead,  for  instance,  is  almost 
entirely  precipitated  on  diluting  the  acid, — the  iron  during  its  con- 
centration in  the  platinum  still,  in  the  shape  of  pink  crystals  of 
anhydrous  ferric  sulphate.  Special  importance  attaches,  at  least 
in  some  cases,  to  the  removal  of  arsenic,  especially  when  the  pyrites 
contains  very  much  of  it,  and  to  that  of  the  nitrogen  compounds — 
the  latter  when  the  acid  has  to  be  concentrated  in  platinum  vessels. 

The  purification  of  Sulphuric  Acid  from  Arsenic. 

Arsenic  is  found  rarely,  and  never  in  more  than  traces,  in  acid 
which  has  been  made  from  brimstone ;  most  of  the  latter  material, 
by  far,  is  used  where  acid  free  from  arsenic  is  wanted.  On  the 
other  hand  nearly  all  kinds  of  pyrites  contain  arsenic;  and  the 
acid  obtained  from  them  is  therefore  always  arsenical — but  in  very 
different  degrees,  according  to  the  percentage  of  arsenic  in  the 
pyrites  and  to  the  mode  of  manufacture. 

The  percentage  of  arsenic  in  pyrites  is  stated  very  differently : 
whilst  most  analyses  of  the  ordinary  ores  only  show  ^^  traces ''  up 
to  fractions  of  1  per  cent.,  H.  A.  Smith  asserts  that  he  has  found 
much  larger  quantities  in  the  ores  most  commonly  employed,  viz. 
in  Westphalian  pyrites  1*878,  in  Belgian  pyrites  0*943,  in  Spanish 
1-651,  in  Portuguese  1*745,  in  Norwegian  1*649-1*708  per  cent,  of 
arscnious  acid.  These  analyses  are  not  quite  to  be  relied  upon, 
since  their  results  differ  so  much  from  all  others.  Nor  must  it  be 
left  out  o£  sight  that  Smith,  whenever  he  speaks  of  "  arsenic,''  does 
not  mean  metallic  arsenic,  but  arscnious  acid,  As^Og.  This  has 
been  overlooked  by  some  who  have  used  his  pamphlet ;  and  he  has 
himself  confounded  the  two  things  by  taking  the  figures  from 
Richardson  and  Watts's  '  Chemical  Technology '  which  refer  to 
As,  as  AsjOg.  [Some  time  after  the  above  had  been  written,  Hjelf  s 
paper  appeared  in  Dingler's  ^  Journal,'  ccxxvi.  p.  174.  Hjelt  has 
likewise  noticed  the  confusion  of  Smith's  *'  arsenic  "  (by  which  he 
means  arscnious  acid)  with  metallic  arsenic.     He  himself  finds  in 
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Westphalian  pyrites  no  more  than  0*30^  in  Norwegian  only  traces, 
in  Spanish  pyrites  on  an  average  0*91  per  cent,  of  As.] 

Smith  further  undertook  the  task  of  following  up  the  arsenic 
through  the  whole  course  of  manufacture ;  and  he  obtained  the 
following  results.    A  portion  of  the  arsenic  remains  in  the  cinders ; 
a  much  more  considerable  portion  is  met  with  in  the  deposit  found 
in  the  gas-pipes  leading  from  the  pyrites-burners  to  the  chambers, 
along  with  sublimed  sulphur ;  a  good  deal  of  arsenic  is  found  in  the 
sulphuric  acid  itself  and  in  the  chamber-mud.     This   is  further 
evidenced  by  a  considerable  percentage  of  arsenic  in  the  muriatic 
acid ;  a  little  arsenic  is  also  found  in  the  sulphate  of  soda,  a  good 
deal  as  a  deposit  in  the  pipes  conveying  the  muriatic  gas  to  the 
condensers — also  in  the  coke  packing  of  the  latter,  and  even  in  the 
gas  escaping  behind  the  condensers — also,  lastly,  in  the  sulphur 
regenerated  from  the  soda- waste  by  Mond's  process,  but  not  after 
the  sulphur  has  been  refined ;  nor  was  there  found  any  arsenic  in  the 
soda-ash  itself.     Smith's  average  results  were  the  following : — 

Per  cent  of  As^Oj. 

1 .  Pyrites  (hard  Norwegian) 1  '649 

2.  Cinders  of  the  same  0*465 

3.  Sulphuric  acid    1'051 

4.  Deposit  in  the  gas-pipe 46*360 

5.  Deposit  in  the  chamber 1  '857 

6.  Hydrochloric  acid 0*691 

7.  Coke  packing  of  the  condensers   . . .  2*886 

8.  Sulphate  of  soda    0*029 

9.  Soda-waste 0*442 

10.  Soda-ash none 

11.  Recovered  sulphur 0*700 

12.  Recovered  sulphur  purified  none 

Even  the  gas  escaping  from  the  condensers  into  the  chimney 
contained  in  100  cubic  metres  0036  grm.,  per  hour  0*325,  daily 
7*794  grms. ;  and  the  air  of  the  chimney  contained  0*0197  grm. 
per  100  metres — a  quantity  not  to  be  neglected  [if  Smith's  analyses 
could  be  relied  on  !] . 

Hjelt  (/.  c.)  fouud,  when  employing  Spanish  pyrites  with  0*91 
per  cent,  of  arsenic  (As),  in  the  cinders  019  per  cent,,  in  the  sol- 
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phatc  none,  in  the  hydrochloric  acid : — (a)  pan-acid  of  38°  Tw., 
0066  per  cent. ;  (b)  drier  acid  of  32°  Tw.,  0014  per  cent.  As. 
The  latter  contains  less,  because  the  arsenical  chloride  mostly 
volatilized  in  the  pan. 

Smith  makes  a  calculation  which  (though  he  and  those  employ- 
ing his  numbers  have  failed  to  notice  it)  clearly  demonstrates  the 
incorrectness  of  his  analyses . 

There  are  said  to  have  been  contained  in  100 

parts  of  pyrites 1*649  Asfi^. 

These  produced  140*875  parts  of  sulphuric 

acid,  at  1'051  per  cent 1*481      „ 

Now  the  cinders  are  said  to  have  contained 
0*465  part  of  AsjOg  ;  and  taking  them 
at  75  per  cent,  of  the  weight  of  the 
pyrites,  say 0*349      „ 

We  obtain  altogether 1*830      „ 

Against  1*649  part  said  to  be  contained  in  the  original  pyrites  ; 
but  then  no  account  is  taken  here  of  the  fact  that  a  very  large 
portion  of  the  arsenic  is  found  in  the  flue-dust,  which,  according 
to  Smith  himself,  contains  upwards  of  46  per  cent,  of  As^Oj.  His 
analyses,  therefore,  are  not  trustworthy. 

Of  course,  even  with  the  same  raw  material,  the  arsenic  in  the 
sulphuric  acid  will  vary,  according  to  whether  the  gas-pipe  leading 
from  the  burners  to  the  chambers  offers  more  or  less  opportunity 
for  depositing  arsenical  flue-dust.  When  employing  a  Glover 
tower  the  acid  contains  rather  less  arsenic,  because  a  large  por- 
tion of  it  is  deposited  at  the  bottom  of  the  tower  in  the  shape 
of  mud. 

Filhol  and  Lacassin  found  in  three  samples  of  ^'  pure ''  commer- 
cial sulphuric  acid,  per  kilog. : — 1*2870  grm.;  0*5691  grm.;  traces 
of  AS2O3  (Wagner's  Jahresb.  1862,  p.  212).  Further  estimations 
of  arsenic  in  commercial  sulphuric  acid,  according  to  Schneder- 
mann,  Kerl,  Filhol,  &c.,  will  be  mentioned  below;  those  of 
Kuhlemann  and  Brauning  have  already  been  given.  In  the  most 
recent  paper  on  this  subject,  that  of  Hjelt,  are  the  following  state- 


464  8CLPHUUC  ACI0. 

ments: — ^When  Spanish  pyrites  with  091  per  cent,  of  As  wis 
used,  there  was  contained,  for  each  100  parts  of  S04l{2,  in  the 

Chamber-acid 0202  As,  of  which  0-(U0  as  AsjOs. 

Glover-towcr  acid    0-331       „         „       0041         „ 

Gay-Lussac- tower  acid  ...  0*341       „         „       0'132         „ 
Acid  of  the  last  chamber  .  0'019 

The  higher  proportion  of  the  Glover-tower  acid  comes  firom  the 
arsenic  contained  in  the  gas ;  the  accession  of  arsenic  in  the  Gay- 
Lussac  tower  is,  of  course,  caused  by  the  oxidizing  action  of  the 
nitrous  vitriol. 

According  to  Davis  (Chem.  News,  xxxvii.  p.  155),  in  the  Glover 
tower  all  arsenic  acid  is  reduced  to  arsenious  acid  by  the  bnmer- 
gas,  and  in  the  Gay-Lussac  tower  all  is  again  converted  into  arsenic 
acid.  This  assertion  is  not  merely  refuted  by  the  analyses  of 
Hjelt  ju»t  quoted,  but  also  by  many  analyses  of  the  author's,  in 
which  he  always  found  both  degrees  of  oxidation  of  arsenic  at  the 
same  time. 

In  most  cases  of  the  employment  of  sulphuric  acid  a  small  per- 
centage of  arsenic  is  of  no  consequence — for  instance,  in  super- 
phosphate, or  in  sulphate  of  soda  to  be  used  for  alkali-  or  glass- 
making.  In  the  latter  case  certainly  most  of  the  arsenic  passes 
over  into  the  muriatic  acid  and  can  be  traced  there.  When  the 
muriatic  acid  is  used  for  generating  chlorine,  the  arsenic  does  no 
harm ;  for  although  it  probably  passes  over,  at  any  rate  partly, 
into  the  chloride  of  lime,  it  will  only  occur  in  this  as  the  insoluble 
and  innocuous  calcium  arscniate.  Much  more  harm  does  arsenic 
in  the  sulphuric  or  muriatic  acid  which  is  employed  in  any  way  in 
the  food  industries,  for  instance  in  the  manufacture  of  starch-sugar, 
in  the  formation  of  molasses,  for  pressed  yeast,  for  washing  the 
regenerated  char  of  sugar-works,  &c.  A.  W.  Hofmann  has  re- 
ported a  poisoning-case  in  which  bread  was  contaminated  with 
arsenic  by  the  use  of  arsenical  muriatic  acid  along  with  soda  to 
make  the  dough  rise.  It  is  unnecessary  to  speak  of  medidnsl 
uses,  since  for  them  crude  sulphuric  or  muriatic  acid  is  never  sup- 
posed to  be  employed. 

But  even  for  some  purely  technical  uses  arsenic  in  sulphuric  (or 
muriatic)  acid  is  not  allowable  : — on  the  one  hand,  for  the  prepa- 
ration of  certain  colours,  for  tinning  iron  (sheet  iron  cleaned  with 
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arsenical  sulphuric  acid  is  here  and  there  covered  with  spots  of 
reduced  arsenic,  which  will  not  take  the  tin  coating, — see  Gos- 
sage  in  Hofmann^s  Report  by  the  Juries,  1862,  p.  12) ;  on  the 
other  hand,  for  the  manufacture  of  preparations  which  serve  for 
food  or  medicine,  and  into  which  a  portion  of  the  arsenic  might 
pass  over.  To  these  belong  tartaric,  citric,  phosphoric  acids,  milk 
of  sulphur,  sulphide  of  antimony,  &c.  Even  in  Doebereiner's 
lighting-machines  arsenical  acid  must  be  avoided,  since  the  arseni- 
uretted  hydrogen  evolved  in  them  would  soon  spoil  the  platinum 
sponge.  It  has  also  been  observed  that  ammonium  sulphate  made 
from  ammoniacal  gas-liquor  by  means  of  strongly  arsenical  sul- 
phuric acid  turns  yellow,  no  doubt  in  consequence  of  the  formation 
of  sulphide  of  arsenic.  It  will  be  shown  later  on,  in  describing 
Deacon's  chlorine  process,  that  arsenical  sulphuric  acid  seems  to 
do  great  harm  in  it  also. 

Probably  sulphuric  acid  intended  for  alkali  or  manure  works  is 
never  submitted  to  any  purification  at  all ;  and  for  most  purposes 
where  the  acid  ought  to  be  free  from  arsenic,  consumers  employ 
the  acid  made  from  brimstone.  Also  in  making  acid  from  pyrites 
a  large  portion  of  the  arsenic  is  deposited  in  the  connecting-pipes 
between  the  pyrites-burners  and  the  chambers,  more  especially 
when  long  cooling-flues  or  chambers  are  used,  as  is  at  any  rate  the 
case  in  the  absence  of  a  Glover  tower.  Sometimes  for  this  special 
purpose  a  small  antechamber  is  provided,  whose  acid,  of  course, 
must  not  be  run  into  the  main  chamber.  Along  with  arsenic  in 
all  these  apparatus  selenium  and  thallium  are  found,  if  such  are 
contained  in  the  pyrites;  and  it  is  in  this  way  only  that  they 
are  obtained.  At  most  factories  there  is  only  this  superficial 
purification  of  the  vitriol  from  arsenic.  At  Freiberg,  according  to 
Bode  (Dingler's  Journal,  ccxiii.  p.  26),  by  the  enlargement  of  the 
fluc-dust-chambers,  the  percentage  of  arsenious  acid  in  the  chamber- 
acid,  previously  amounting  to  J  to  J  per  cent.,  has  been  lowered 
to  005  per  cent. ;  the  remainder  of  the  arsenic  is  recovered  from 
the  collecting-places  and  sold  as  such. 

In  some  cases,  however,  it  is  of  importance  for  the  producers  of 
strongly  arsenical  vitriol  to  make  it  more  salable ;  and  a  number  of 
methods  of  purification  have  been  proposed  with  this  object.  None 
of  them  seems  to  produce  an  acid  absolutely  free  from  arsenic,  but 
sufficiently  so  for  all  practical  purposes.  Bloxam  (Pharm.  Journal^ 
[2],  iii.  p.  606),  by  employing  his  electrolytical  method  for  the 
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A'wcffVfrj  fA  ar^rmic,  found  that  all  samples  sold  ss  "cfeemMTiT 
prirc"  cz/fitain^rd  tra^s  of  it,  and  that  acid  abeohitelT  free  from 
arM;riir;  futnttot  U;  obtain^^-d  in  anv  other  way  than  frcm  pire  sul- 
phur dioxidr;  and  nitric  oxide  in  ;r]a$9  apparatus  at  a  low  tempera- 
ture, avoidin;r  all  cork  or  india-niblx!:r  ;  the  gases  tbemaelTes  zniLst 
Ik;  fr^olved  cold  or  at  a  verv  moderate  heat. 

Tlic  following  mrrth'^xN  have  been  employed  for  the  separatiaD 
of  arsenic  from  sulphuric  acid. 

(\)  JjUlUlalion  of  the  vitriol  ^Bussy  and  Buignety  Dingl.  JonriL 
elxii.  p.  i'j\)  i-*  said  to  effect  this  purpose,  even  more  completeir 
than  prccijiitation  by  sulphuretted  hydrogen,  provided  that  the  ar- 
n^mic  in  all  present  an  anu-nie  acid,  which  remains  entirely  behind 
in  the  rfTMirluc;  if,  however,  arscmious  acid  be  present,  it  is  carried 
over  with  the  vitriol.  Since  the  sulphuric  acid  of  commerce  mosdr 
cjftuUiiuH  ar««eniouM  ;u:id,  it  is  to  be  treated  with  nitric  acid,  in  order 
i(}  convert  all  the  arsenic  into  arsenic  acid;  then  the  acid  is  to  be 
mixr;^l  with  a  little  ammonium  sulphate  (in  order  to  destroy  the 
nitrous  acid;,  and  dintillcd.  In  this  case  the  arsenic  is  said  to  be 
removed  more  completely  than  by  sulphuretted  hydrogen  or  bariam 
Mulphide;  at  the  same  time  the  dilution  of  the  acid,  necessary  io 
the  latter  cas(!,  is  avoided.  But  the  distillation  of  sulphuric  acid 
is  an  ojKTation  not  yc±  introduced  at  all  on  the  large  scale,  and  is 
not  apjilicable  for  the  purification  of  cham])er-acid. 

Acrx>rding  t^>  Blondlot  (Comi)t.  Rend.  Iviii.  p.  76),  the  employ- 
ment of  ammonium  sulphate  is  objectionable,  because  by  an  excess 
of  it  arsenic  acid  is  reduced  a^^ain.  He  therefore  recommends 
heating  the  tuM  with  peroxide  of  manganese  or  potassium  per- 
manganate. Bussy  and  Buignet  deny  that  an  excess  of  ammonium 
sulphate;  rwluces  ars(!nic  acid  (Compt.  Rend.  Iviii.  p.  981).  Max- 
well Lytc  (Chem.  News,  ix.  p.  172)  says  the  statement  of  Bussy 
and  Buignet,  that  arsenic  does  not  distil  over  unless  present  as 
arsenious  acid,  is  correct;  but  in  order  to  obtain  from  the 
first  a  product  completely  free  from  nitrogen  compounds,  he 
destroys  the  latter  by  adding  to  the  sulphuric  acid  ^  to  ^per  cent 
of  oxalic  acid,  heating  in  a  porcelain  dish  to  110°  C.  with  continu- 
ous stirring,  cooling  down  to  100^  C,  and  adding  potassinis 
bichromate  in  the  state  of  powder  or  as  a  solution  in  sulphuric 
acid,  till  the  green  colour  has  been  changed  to  greenish  yellow  and 
the  presence  of  free  chromic  acid  is  thus  indicated.  All  the 
arsenic  is  now  converted  into  arsenic  acid ;  and  on  distillation  a 
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perfectly  pure  acid  is  at  once  obtained.     Permanganate  of  potash 
performs  the  same  service,  but  is  more  expensive. 

(2)  Removal  of  the  arsenic  as  trichloride. — This  boils  at  125° 
C;  it  is  therefore  completely  volatilized  on  heating,  long  before 
the  sulphuric  acid  has  begun  to  boil :  this  process  can  be  used 
without  diluting  the  latter.  With  this  object  Otto  and  Lowe 
proposed  heating  the  acid  with  common  salt  (Dingler's  Journal, 
cxxxii.  p.  205) — Graeger,  heating  with  barium  chloride,  because 
the  action  in  this  case  is  not  so  rapid  (ib.  civ.  p.  236) ;  Buchner 
(in  1845)  recommended  conducting  a  current  of  hydrochloric  acid 
gas  into  boiling  sulphuric  acid  and  expelling  the  hydrochloric  acid 
by  heating  in  the  open  air.  Bussy  and  Buignet  have  certainly 
proved  that  in  this  way  acid  free  from  arsenic  cannot  be  obtained ; 
but  Buchner  (Chcm.  Centralbl.  1864,  p.  600)  asserts  that  this 
comes  from  the  presence  of  arsenic  acid,  and  that  an  acid  entirely 
free  from  arsenic  is  obtained  by  first  reducing  the  arsenic  acid 
contained  in  the  vitriol  by  heating  it  with  charcoal,  when  the 
sulphur  dioxide  evolved  causes  the  reduction ;  this  can  be  done 
at  the  same  time  with  introducing  the  current  of  hydrochloric 
acid  gas.  If  Buchner's  statement  is  correct,  the  troublesome 
operation  of  distilling  the  vitriol  is  unnecessary-  Schwarz  (Wag- 
ner's Jahresb.  1865,  p.  232)  heats'  the  acid  for  some  time  with 
1  per  cent,  of  common  salt  and  ^  per  cent,  of  charcoal  dust  under 
a  chimney  with  a  good  draught — which  comes  to  the  same  thing, 
and  appears  to  be  more  convenient ;  but  on  carrying  it  out  on  the 
large  scale,  great  difficulties  arise  from  the  fact  that  the  process 
does  not  work  with  dilute  acid,  and  that  with  the  introduction  of 
common  salt  into  concentrated  acid  the  glass  retorts  often  crack. 
(See  II.  A.  Smith's  pamphlet ;  he  is  unacquainted  with  the  addi- 
tion of  charcoal  recommended  ten  years  previously,  and  therefore, 
of  course,  finds  arsenic  left  in  the  sulphuric  acid  at  the  end  of  the 
operation.)  According  to  Tod  (Liebig's  Jahresb.  1856,  p.  292),  if 
a  current  of  HCl  is  introduced,  heating  to  130°-140°  is  sufficient, 
while  if  common  salt  be  employed  the  acid  must  be  heated  to 
180°-190°  C,  in  order  to  expel  the  arsenic  trichloride. 

(3)  Precipitation  of  the  arsenic  as  sulphide. — Tliis  is  the  only 
operation  carried  out  on  a  manufacturing  scale  which  offers  the 
additional  advantage  that,  apart  from  the  arsenic,  several  other 
impurities  are  precipitated  (such  as  lead,  antimony,  selenium)  and 
others  are  destroyed  (such  as  sulphurous,  nitrous,  and  nitric  acids). 
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Under  all  circamBtances  the  precipitation  must  take  place  at  a 
moderate  concentration  of  the  acid  ;  too  highly  concentrated  sul- 
phuric acid  is  decomposed  by  sulphuretted  hydrogen  with  separa- 
tion of  sulphur^  according  to  the  equation 

3HjS  +  S0JIj=4Hp  +  4S  ; 

the  acid  must  therefore  be  in  the  state  of  chamber-acid,  or,  better, 
not  above  lOC^  Tw.  When  the  arsenic  is  present  as  arsenic  acid, 
it  is  much  more  slowly  precipitated  than  when  present  as  arseni- 
ous  acid. 

The  simplest  way  for  practice  on  the  large  scale  appears  to  be, 
to  generate  the  sulphuretted  hydrogen  within  the  liquid  itself; 
and  wc  shall  first  consider  the  methods  and  proposals  made  for 
this  purpose. 

(a)  Precipitation  by  barium  sulphide, — Proposed  by  Dupasqoier 
in  1845,  this  process  is  said  to  be  carried  out  practically  at  Chessy 
(Hofmann^s  Report  by  the  Juries,  1862,  p.  12) ;  and  it  appears  to 
be  used  at  most  of  the  French  works  where  the  acid  is  purified  at 
all.  In  this  case  barium  sulphate  and  sulphuretted  hydrogen  are 
formed,  the  latter  being  in  the  nascent  state,  and  therefore  acting 
very  energetically ;  this  process,  has,  moreover,  the  great  advantage 
of  leaving  nothing  soluble  behind  in  the  acid.  It  has  been  objected 
that  the  barium  sulphide  must  be  pure  and  must  contain  no 
hyposulphite,  since  otherwise  the  well-known  decomposition  be- 
tween II^S  and  SO^  and  separation  of  sulphur  takes  place ;  this, 
however,  is  unfounded,  because  the  barium  hyposulphite  likewise 
precipitates  the  arsenic  in  the  state  of  sulphide  (see  below),  and 
only  an  excess  of  it  (which  ought  to  be  avoided  in  any  case)  would 
occasion  the  above-mentioned  reaction. 

(A)  Sulphide  of  iron  may  be  employed  in  cases  where  the  iron 
does  no  harm — for  instance,  for  acid  required  in  the  tinning  and 
galvanizing  (zinking)  of  iron  &c.  Its  application,  however,  is  very 
limited. 

(c)  Sulphide  of  sodium  is  capable  of  much  wider  application, 
although  it,  too,  introduces  a  foreign  matter  (sodium  sulphate)  into 
the  acid ;  this,  however,  is  innocuous  for  most  uses  of  the  acid. 
It  can  easily  be  made  by  reducing  sodium  sulphate  with  coal ;  and 
it  must  be  added  to  the  acid  to  be  purified  until  no  further  preci- 
pitation takes  place.  The  filtration  of  the  precipitate  wUl  be 
described  hereafler. 
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(d)  Sodium  and  barium  hyposulphites  are  very  much  recommended; 
the  latter  is  more  expensive,  but  leaves  nothing  soluble  in  the  acid. 
The  following  is  the  reaction  which  occurs  : — 

As^Og  +  3S203Na2= AS2S3  +  3S04Na2. 

According  to  W.  Thorn  (Dingl.  Journ.  ccxvii.  p.  495),  the 
Hodium  hyposulphite  is  actually  used  in  some  works.  Chamber-acid 
of  106°  Tw.  is  heated  to  70°-80°  C,  and  the  required  quantity  of 
the  reagent,  either  in  solution  or  as  powder,  is  well  stirred  up  with 
it.  The  arsenic  sulphide  is  separated  in  flakes,  which  soon  gather 
into  lumps  and  sink  down  to  the  bottom  of  the  tank ;  the  clear 
acid  is  drawn  off;  and  fresh  quantities  are  purified  in  the  same 
tank,  until  at  last  there  is  too  much  precipitate  collected  at  the 
bottom,  when  it  is  removed  and  washed.  The  operation  is  very 
simple ;  and  if  an  excess  of  the  reagent  is  avoided,  there  is  very 
little  sulphurous  acid  evolved.  In  a  particular  instance,  the 
average  percentage  of  arsenic  in  chamber-acid  of  106°  Tw.,  before 
purification,  amounted  to  0*098  per  cent.,  afterwards  to  0004  per 
cent.  The  purified  acid  contains  from  0*03  to  0*04  per  cent, 
sodium  sulphate,  which  for  most  purposes  is  harmless.  If  the  con- 
trary should  be  the  case,  barium  hyposulphite  might  be  used,  which 
is  easily  obtained  by  precipitation  of  sodium  hyposulphite  with 
barium  chloride;  there  is  then  nothing  soluble  left  in  the  acid. 

{e)  Precipitation  by  sulphuretted  hydrogen  gas. — This  is  the 
process  mostly  used  on  the  manufacturing  scale.  Wc  will  first 
give  the  description  published  by  Schwarzenberg. 

In  the  German  works  the  sulphuretted  hydrogen  for  the  purifi- 
cation of  sulphuric  acid  is  obtained  as  a  by-product  from  arsenical 
ores.  At  the  Okerhiitte  in  the  Ilarz,  where  the  impure  acid, 
according  to  Schnedermann,  contains,  in  10,000  parts,  11  to  14  of 
arsenious  acid  and  2  to  5  of  lead  sulphate  along  with  a  little  anti- 
mony,.copper,  iron,  calcium,  and  potassium,  the  following  process 
is  used : — 

The  precipitation  of  the  arsenic  with  the  lead,  antimony,  and 
copper  is  effected  in  a  pan  made  of  sheet  lead,  8  feet  2  inches  long, 
3  feet  7  inches  wide,  and  1  foot  7\  inches  deep,  in  which  the  acid, 
diluted  down  to  94°  Tw.,  is  heated  to  75°  C.  It  is  thought  neces- 
sary to  dilute  down  to  that  degree,  because  stronger  sulphuric  acid 
is  itself  more  easily  decomposed  by  sulphuretted  hydrogen.  At 
the  bottom  of  the  pan  there  is  a  table  made  of  a  sheet  of  lead 
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perforated  with  many  holes,  whose  edges  are  turned  down  all 
round  about  2  inches,  so  that  the  table  is  raised  above  the  bottom 
of  the  pan  to  that  extent.  This  table  is  3  feet  7  inches  long  by 
12  inches  wide.  Below  it  the  lead  gas-tube  terminates,  conveying 
the  sulphuretted  hydrogen,  which  is  thus  carried  into  the  acid 
divided  into  many  jets  by  the  perforations  of  the  table.  The  pan 
has  a  lead  cover  with  water  lute,  provided  with  a  pipe  for  the 
escape  of  the  sulphuretted  hydrogen  in  excess ;  the  latter  is  burnt. 
The  pan  contains  about  2  tons  of  vitriol,  of  which  the  purification 
is  edectcd  in  six  hours. 

A  sign  of  the  arsenic  being  completely  precipitated  is,  that  the 
acid  turns  milky.  The  acid  then  only  contains  0*3  part  of  arsenic  ia 
1(),(XK)  i)arts ;  it  is  allowed  to  settle,  and  drawn  off  into  the  boiling- 
down  pan  by  means  of  a  siphon.  The  brown  deposit  is  placed  on  an 
asljcstos  filter  to  drain  off  the  acid  adhering  to  it.  The  sulphuretted 
hydrogen  serving  for  this  operation  is  made  from  iron  sulphide 
(obtaiiujd  by  melting  together  280  parts  of  scrap  iron  and  115 
parts  of  brimstone)  and  sulphuric  acid  of  106°  and  110°  Tw.,  as 
the  (;liambers  8ui)ply  it.  There  arc  provided  for  this  purpose  four 
cylindrical  lead  vessels  of  14  inches  diameter  and  18  inches  depth. 
Each  of  these  has  in  its  vaulted  cover  the  lead  pipe  already  men- 
tioned, an  oi)eniiig  for  introducing  the  iron  sulphide,  tightly  closed 
by  a  screwed-down  lid,  and  an  S-shaped  lead  funnel  for  pouring  in 
the  vitriol.  In  order  to  purify  the  2  tons  of  acid  in  the  pan  the 
generating  vessels  are  filled  twice,  and  consume  about  3  qrs.  17  lb. 
of  iron  sulphide  and  nearly  1  cwt.  of  vitriol  of  llif  Tw.  Every 
three  hours  the  copperas  solution  produced  is  run  into  a  pan  fixed 
below  the  generating  vessels,  and,  after  settling,  is  boiled  down  to 
crystallization,  scrap  iron  being  placed  in  the  pan  in  order  to 
saturate  the  free  acid. 

The  Freiberg  works  use  an  apparatus  in  which  the  loss  of  snl- 
phuretted  hydrogen  is  much  less  than  in  the  above  process.  Here 
it  is  not  thought  necessary  to  dilute  the  sulphuric  acid  which  is  to 
be  treated  with  sulphuretted  hydrogen,  probably  because  it  is  not 
heated.  Fig.  202  gives  a  sectional  elevation,  and  fig.  203  a  sec* 
tional  plan,  on  a  scale  of  1 :  50,  of  the  precipitation--apparatu8.  A 
is  the  so-called  precipitation-tower;  it  is  made  of  lead,  7  feet 
8  inches  high  and  2  feet  6  inches  diameter.  The  sulphuretted 
hydrogen  gas  is  conveyed  to  it  by  the  lead  tube  a,  connected  with 
the  generating-apparatus.      The  sulphuric  acid  to  be  purified  is 
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conveyed,  just  as  it  comes  frum  the  acid-charabera,  into  the  lead- 
lined  tanks  B.  These  are  connected  with  the  lead-pipe  b  in  the 
centre  of  the  precipitation-tower,  which  at  the  bottom  ends  in  a 


low  box  perforated  with  eight  holes  c,  out  of  which  the  acid  is 
squirted  in  thia  jets  by  means  of  the  hydrostatic  pressure  acting 
in  the  pipe  i.     The  minute  division  produced  in  this  manner  con- 
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«itl|iljunrtU»l  liydrijfrcii,  trt  Ix;  pumped  up  into  B  again.  For  this 
piiriVMC  till;  iiidiii-ruhber  tuiid-valven /,  which  can  be  pressed  opon 
tti(!  pijx-H  Ixilow  hjr  mcaiiM  of  Hcrcws,  are  opened.  When  the  ressela 
J)  an;  i'lWuA,  tltc  valv(w  arc  eloAcd  again,  and  air,  compressed  by  an 
air-piiinp,  in  forced  into  ]>  at  h  by  means  of  the  pipe  £,  provided 
with  till!  valves  g.  The  sulphuric  acid  is  then  forced  throogh  the 
pi|MM  k  into  the  upi)cr  tanks.  The  forcing-apparatoa  conaiats  oE 
strong  iron  cylinders  ajmplctcly  lined  with  \eaA;  the  valves  and 
other  mountingM  are  of  "  regulus  "  metal. 
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Latterly  the  above-described  apparatus  has  been  improved  by 
dividing  the  acid  in  the  tower,  not  by  a  squirting-apparatus,  but 
by  hollow  horizontal  prisms  made  of  lead.  The  treatment  of  the 
acid  with  sulphuretted  hydrogen  is  repeated  a  sufficient  number  of 
times,  till  a  product  is  obtained  which  shows  no  turbidity  when 
sulphuretted  hydrogen  is  conducted  into  it,  even  for  some  little 
time.  As  a  rule,  three  treatments  suffice  for  this.  The  precipi- 
tated arsenic  sulphide  is  allowed  to  settle  completely  in  large  lead- 
lined  tanks ;  and  the  clear  acid  is  drawn  off  by  a  lead  siphon  into 
the  tanks  from  which  the  conccntrating-pans  are  fed.  The  pre- 
pitatc  of  yellow  arsenic  sulphide,  remaining  behind  in  the  settling- 
tanks,  is  well  washed  with  water  in  filtering-boxes  lined  with  lead, 
and  then  passed  on  to  the  arsenic-works. 

The  sulphuretted  hydrogen  at  Freiberg  is  made  from  a  so-called 
'^Rohstein  "  (coarse  metal,  matt),  produced  by  smelting  raw  pyrites, 
free  from  blende,  with  the  addition  of  slags.  This  matt  consists 
chiefly  of  sulphide  of  iron  of  the  composition  FeS  and  Fe^S ;  it 
contains  a  little  silver,  which  is  recovered  by  the  subsequent 
treatment.  It  is  broken  up  into  pieces  of  the  size  of  a  walnut ; 
and  by  vitriol  from  the  chambers  sulphuretted  hydrogen  is  evolved 
from  it.  Formerly  the  generating-apparatus  consisted  of  several 
communicating  lead  vessels  provided  with  a  jacket  for  the  circu- 
lation of  steam ;  now  a  single  large  square  lead  tank  is  used  for 
generating  the  gas.  The  latter  first  enters  a  washing-vessel  of 
lead  half  filled  with  water;  through  two  glass  windows  fixed  in 
opposite  sides  of  this  vessel  the  evolution  of  the  gas  can  be  watched. 
From  this  vessel  the  gas  is  conveyed  direct  into  the  precipitation- 
tower.  The  solution  produced  from  the  matt  is  evaporated,  with 
the  addition  of  scrap  iron  for  saturating  any  free  acid  ;  and  green 
copperas  is  obtained  by  crystallization.  The  undissolved  residue 
of  the  matt  is  utilized  by  extracting  the  copper  and  silver  contained 
in  it. 

The  details  given  by  Schnedcrmann  are  as  follows  : — 

(a)  Impure  acid  contained  in  10,000  parts — 

Specific  grayily.  Arsenious  acid.        Lead  sulphate. 

1-832  11-86  3-74 

1-837  1319  2-85 

1-836 14-21  5-21 
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S^Jj 774SrlO 

H/J 2243^4 

Na^^Si^J,  ii.d  K^SO, 1  35 

CVS^J^ 0-38 

F^SO^ 2-91 

U/}^ (r^ 

1 1  i«  i^rrfenly  frcre  from  nitro^n  compannds.  SabseqneiitlTyaocQid- 
inir  t/i  K/;rl,  aci/i  LaA  been  obtained  containing  no  more  than  3*15 
Aa/J,  and  Sb/;,  t//jrether  and  11 '28  PbS04  in  100,000  parts. 

A  i:fmi\AitUi  deiicri[ition  of  the  older  precipitating-apparmtiis  at 
Ok';r  haA  >xx'U  friven  bj  Knocke  ^ingl.  Jonm.  dir.  p.  185; 
Wa^n/.T^pi  Jahrc*b.  1859,  p.  145;. 

The  more  ntft^ii  prccipitating-process  used  at  the  Freiberg  and 
a  f#;w  r/tber  workff,  to  which  allusion  has  been  made  aboTe  in 
HcUwsir7J:u}f('Tpfh  dettcription,  is  described  at  great  length  bj  Bode 
(l)iuii^l,  Joum,  rx'xiii.  p.  25 ;  Wagner's  Jahresb.  1874,  p.  259) ;  the 
followirif^  is  an  al>9)tract.  According  to  the  former  method  the 
ritriol  had  Uj  \t(t  treated  three  times  over  before  the  precipitation 
was  t!ffm\}UtUt,  and  the  evolution  of  sulphuretted  hydrogen  fiom 
Nt^/neware  jkAs  was  also  very  troublesome.  Wlien  the  plant  had 
to  \Ht  enlargi^l,  the  following  new  arrangements  were  made  : — 

1,  Generation  of  tulphuretted  hydrogen. — For  this  purpose  coarse 
metal  is  smelted,  ^insisting  principally  of  FeS,  in  which  at  the 
same  time  the  silver  crjntaincd  in  the  crude  ore  is  concentrated  to 
the  amount  of  one  third  of  the  original  weight.  The  work  is 
done  in  a  blast-furnace  with  seven  tuyeres;  the  mixture  con- 
sists of 

IG'l  i>er  cent,  of  lump  pyrites,  containing  on  an  average  33  per 

cent,  of  sulphur. 
0'3       „       „       roasted  lump  pyrites. 

0*6       „       „       cinders   from   subliming    arsenic  sulphide^ 

with  20  per  cent,  sulphur  on  an  ayerage. 
83'0      f,      „      lead  slags,  with  about  30  per  cent,  silica. 
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Of  this  mixture  20  to  21 J  tons  are  daily  worked  off,  with  a  con- 
sumption of  3|  to  4  tons  of  coke  (19  per  cent,  of  the  charge). 
The  yield  is  13^  per  cent,  of  the  charge  as  iron  sulphide  (80  per 
cent,  of  the  ore) ;  cost  of  smelting  3d,  to  S^d,  per  cwt.  of  the 
charge.  The  furnace  is  minutely  described  in  the  original.  The 
coarse  metal  is  broken  up  into  pieces  of  the  size  of  a  fist,  and  put 
into  the  sulphurettcd-hydrogcn-gcncrators ;  these  receive  4  to  5 
tons  at  a  time,  which  last  8  to  10  weeks.  Then  weak  vitriol  of 
55°  to  77^  Tw.  is  added,  such  as  is  obtained  in  washing  the  arsenic 
sulphide ;  later  on,  the  acid  may  go  down  to  32°  Tw.  Each  appa- 
ratus daily  receives  5  cwt.  vitriol  of  32°  Tw.  From  5  tons  of  coarse 
metal  7i  tons  of  green  copperas  arc  obtained,  the  manufacture  of 
which  &om  the  weak  lyes  takes  place  in  the  usual  maimer.  The 
generators  arc  represented  in  figs.  204  to  210.  They  are  wooden 
tanks  A  and  B,  made  of  3^-inch  planks,  lined  with  lead  and  con- 
nected by  a  lead  tube  a.  The  tank  A  (5  feet  6  J  inches  square  and 
5  feet  2  inches  deep)  is  charged  with  coarse  metal  after  lifting  off 
the  cover,  or  through  the  man-hole  d ;  an  india-rubber  washer  is 
then  put  in,  and  the  cover  is  tightened  by  thirty  screw-bolts.  The 
vitriol  is  run  in  through  the  pipe  c.  B  has  also  a  cover,  but  with- 
out an  india-rubber  joint,  as  it  has  only  to  receive  the  copperas- 
liquor  forced  over  by  the  pressure  of  the  gas  in  the  washing- 
apparatus  (figs.  209  and  210)  aod  the  regulating  valves,  just  as  ia 
the  case  with  the  ordinary  laboratory  apparatus.  The  tank  A  is 
very  strongly  bound  with  iron,  which  is  all  leaded  over.  Steam 
pipes,  e,  prevent  the  copperas  from  crystallizing ;  /  serves  for  run- 
ning the  liquor  off.  On  the  bottom  of  A  radially-placed  fire-bricks 
form  a  grate  (fig.  206),  upon  which  a  lead  sieve  r;  is  laid ;  and 
the  coarse  metal  lies  upon  the  latter.  The  lateral  man-holes  h 
permit  raking  out  the  residue  containing  silver.  For  each  5  tons 
of  chamber-acid,  on  an  average  1^  cwt.  of  coarse  metal  is  con- 
sumed. 

2.  Precipitation  of  the  arsenic. — The  chamber-acid  of  106°  Tw.  is 
treated  with  II^S  without  dilution  or  heating;  the  apparatus  easily 
purifies  15  tons  of  vitriol  daily  by  a  single  treatment.  It  is  repre- 
sented in  figs.  211  to  217  (p.  478).  It  consists  of  a  square  tower  of 
5  feet  4  inches  x  5  feet  6}  inches  section,  and  16  feet  3  inches 
available  height,  which  is  constructed  in  the  well-known  maimer 
with  a  wooden  framework  and  lead  sides  of  10  lb.  to  the  square 
foot.     The  sulphuretted  hydrogen  enters  at  the  bottom ;  the  air 
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lii(;li  antl  a»  vide  at  the  base,  made  of  10-lb.  lead;    the  lover 
tAgim  of  t)ie  ^ttcra  Lave  indentations  of  a  tolerably  small  pattern 
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(fig.  216).  Owing  to  this^  the  acid  cannot  run  down  in  jets,  but 
only  in  single  drops,  which,  in  failing  upon  the  next  lower  gutter, 
squirt  about  and  present  a  large  surface  to  the  gas.  In  each  tier 
there  are  nine  gutters,  so  arranged  that  the  passage  between  each 
two  of  them  corresponds  to  the  upper  edge  of  the  gutter  in  the 
next  lower  tier.  They  are  3  feet  3  inches  long,  and  laid  loosely  on 
leaded  ledges  at  each  side,  with  1  inch  hold  on  the  latter ;  their 
vertical  distance  is  7  inches  ;  the  distance  between  the  tiers,  there- 
fore, 1^  inch.  The  acid  runs  in  at  the  cover  at  /  through  nine 
lead  pipes  with  funnels  and  regulating  cocks,  just  over  each  of  the 
lead  gutters ;  there  is  a  hydraulic  lute  and  an  oscillating  bucket, 
the  details  of  which  arc  shown  in  figs.  216  and  217.  The  lead 
gutters  should  not  be  burnt  fast  in  the  tower,  as  lumps  of  arsenic 
sulphide  occasionally  get  jammed  between  them.  These  can  some- 
times be  melted  and  removed  by  letting  in  steam. 

3.  The  filtering  and  washing  of  the  arsenic  sulphide,  in  the 
ordinary  way,  would  be  a  very  troublesome  operation.  At  Frei- 
berg, for  this  purpose  an  excellent  apparatus  is  used,  which  is 
shown  in  figs.  218  to  220*.  A  is  the  vacuum-retort,  B  the  filter- 
ing and  washing  vessel.  The  former  is  a  small,  worn-out  steam- 
boiler  of  1  foot  10  inches  diameter  and  5  feet  7  inches  length. 
Steam  is  conveyed  into  it  through  a  from  a  boiler ;  through  b  the 
air  goes  away  along  with  the  condensed  water ;  and  the  cock  there 
is  only  shut  when  steam  has  passed  through  for  several  minutes. 
Then  i,  and  afterwards  a,  are  shut,  and  the  boiler  is  allowed  to 
cool  for  some  time  in  order  to  condense  the  steam.  Then  the  cock 
c  is  opened,  which  connects  the  vacuum-retort  and  the  space  below 
the  filtering-layer  in  the  box  B.  This  box  has  already  been  filled 
with  the  acid  to  be  filtered,  whose  level  is  always  kept  at  the  same 
height,  lest  any  cracks  be  formed  in  the  exposed  layer  of  arsenic 
sulphide,  through  which  air  would  enter  and  destroy  the  vacuum. 
By  several  times  shutting  c,  opening  a  and  b,  driving  out  the  air 
by  steam  and  cooling  down  the  boiler  A,  a  vacuum  of  firom  10  to 
12^  lb.  may  be  obtained.  [Probably  less  steam  and  labour  would 
be  expended  if  an  air-pump  were  used,  as  is  done  in  England.] 
The  same  vacuum-retort  [or  air-pump]  may  work  several  filters, 
which  may  be  filled,  washed,  &c.  at  will,  since  the  cock  c  permits 
isolating  every  one  of  them. 

*  Precisely  the  same  principle  has  been  applied  in  England  for  many  years 
past  for  filtering  the  lime-mud  in  causticizing  and  for  many  other  purposes. 
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biimt-on  pipe  /,  This  ends  in  an  intermediate  renel  C,  whose 
corer  is  provided  with  connecting-tubes  for  the  prennre-gaoge,  o, 
Mid  the  VM:uum'retoit,A,atc}  m  takes  the  acid  to  the  receiving-tank 
n ;  but  the  pipe  mn  must  be  longer  than  the  height  of  a  colomn  of 
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water  forced  up  by  the  atmosplieric  pressure,  lest  the  acid  should 
get  over  into  c.  Over  the  fire-bricks  in  B  there  is  a  layer  n  of 
broken-up  quartz  (fig.  220) — at  the  bottom,  pieces  of  the  size  of  a 
walnut — higher  up,  finer  grain ;  over  this  there  is  a  finely  perforated 
sheet  of  lead,  and  on  the  top  a  layer  of  powdered  arsenic  sulphide ; 
the  whole  filtering-stratura  rises  11^  inches  above  the  bottom  of 
the  vessel.  Where  the  acid  runs  in,  a  piece  of  lead  is  placed  so  as 
to  keep  the  top  layer  from  being  damaged.  Every  two  or  three 
weeks  the  layers  n  and  m  and  the  perforated  lead  plate  must  be 
taken  out,  and  the  quartz  pieces  as  well  as  the  arsenic  sulphide 
must  be  rinsed  in  water.  The  whole  plant  requires  several  pressure- 
apparatus  (acid-eggs)  and  a  good  air-pump. 

At  Oker  the  work  is  done  very  much  as  at  Freiberg  (Brauning, 
p.  142)  ;  but  here  only  that  portion  of  the  acid  is  purified  which  is 
not  sold  to  large  consumers,  especially  for  superphosphate-making. 
It  is  thought  best  here  to  dilute  the  acid  to  97°-100°  Tw.,  and  to 
assist  the  generation  of  sulphuretted  hydrogen  by  injecting  steam 
at  the  beginning. 

An  English  patent  of  M'Kechnie  and  Gentles  (No.  3229,  25th 
August,  1877)  contains  essentially  the  same  process  as  is  practised 
at  Freiberg  and  Oker. 

Purification  of  the  Sidphuric  Acid  from  Nitrogen  Compounds. 

Already,  when  treating  of  the  purification  of  vitriol  from  arsenic^ 
it  has  been  stated  that  mostly  at  the  same  time  the  nitrogen  com- 
pounds are  removed,  and  always  when  sulphuretted  hydrogen  is 
employed  for  that  purpose.  In  most  works,  it  is  true,  no  such 
purification  from  arsenic  takes  place;  but  for  most  uses  of  the 
vitriol  the  small  proportion  of  nitrogen  compounds  which  they 
contain  is  so  unimportant  that  their  removal  is  not  called  for.  In 
all  cases,  however,  where  sulphuric  acid  has  to  be  concentrated  in 
platinum  apparatus,  it  must  be  purified  as  much  as  possible  from 
absorbed  nitrogen  acids,  as  otherwise  the  platinum,  as  we  shall  see 
hereafter,  would  be  much  more  strongly  acted  upon.  Since  this 
has  been  known,  probably  such  purification  takes  place  nearly 
everywhere,  but  by  different  methods. 

1.  Purification  by  sulphurous  acid. — Payen  has  proposed  a  con- 
trivance for  this  object,  which  is  also  found  in  the  diagram  of  the 
acid-concentration  in  lead  and  platinum  to  be  given  hereafter  from 
Schwarzenberg's  work.     This  is  a  cover  over  the  first  boiling-down 
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pan  with  partitions  which  force  the  gas  to  travel  twice  backwards 
and  forwards,  and  below  which  the  sulphurous  kiln-gas  circulates. 
Some,  instead  of  this,  use  pans  arched  over.  This  apparatus, 
however,  fulfils  its  purpose  very  inefficiently,  because  the  contact 
between  the  vitriol  and  the  sulphurous  acid  is  very  incomplete. 
This  object  can  be  attained  perfectly  in  all  works  where  a  Glover 
tower  is  employed ;  in  this  the  acid  can  be  fully  denitrated,  and, 
moreover,  some  little  sulphurous  acid  can  be  dissolved,  in  which 
case,  as  Scheurer-Kestner  has  shown  (see  below),  it  acts  least  upon 
platinum ;  but,  unfortunately,  the  Glover-tower  acid,  owing  to  its 
large  percentage  of  iron,  cannot  well  be  used  for  concentration  in 
platinum  stills. 

2.  Treatment  with  brimstone  has  been  proposed  by  Barruel. 
It  is  used  in  the  shape  of  flowers  of  sulphur,  which  sometimes, 
according  to  Schwarzenberg,  is  put  into  boxes  of  stoneware,  placed 
in  the  first  pan,  in  which  the  temperature  does  not  rise  to  the 
melting-point  of  sulphur,  and  in  which  the  vitriol  contains  most 
water.  Special  care  must  be  taken  that  no  sulphur  gets  into  the 
following  pans,  because  strong  hot  vitriol  is  decomposed  by  sulphur 
with  the  formation  of  SO^,  and  for  each  part  of  S  6^  parts  of  SO4H2 
are  lost.  According  to  Bode  {'  Gloverthurm,'  p.  3)  this  process  is 
not  efficient ;  so  long  as  the  brimstone  is  still  in  the  state  ot 
powder,  its  action  is  very  small,  while  the  lead  is  already  being 
acted  upon  by  the  nitrogen  acids.  Later  on,  with  the  rise  of  tem- 
perature, the  brimstone  melts  and  rises  in  small  drops  to  the  surface 
of  the  hot  acid,  whence  it  mostly  escapes  into  the  air  as  SO3. 

8.  The  employment  of  organic  substances, — Oxalic  acid,  proposed 
by  Lowe,  has  already  been  mentioned  in  the  purification  from 
arsenic.  Sugar  has  been  proposed  by  Wackenroder.  Skey  recom- 
mends agitation  with  charcoal,  but  only  for  dilute  acid  (Chem. 
News,  xiv.  p.  217).  Olivier  uses  a  little  alcohol  in  the  lead  pans 
('  Rapports  du  Jury  international,'  1867,  vii.  p.  35) . 

None  of  these  substances  is  used  to  any  extent  in  manufacturing 
practice. 

4.  Ammonium  sulphate  has  been  proposed  with  this  object  by 
Pelouze  (Ann.  Chim.  Phys.  Ixxvii.  p.  52),  and  has  been  proved  to 
be  the  best  of  all.  By  this  the  nitrogen  acids  can  be  so  completely 
removed  that  the  vitriol  is  tinted  red  by  the  first  drop  of  a  solution 
of  potassium  permanganate.  In  this  case  nitrogen  escapes^  accord- 
ing to  the  following  equations  : — 
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N2O8+2NH8  =  3H2O  +  4N, 

3NOa  +  4NIl3  =  6H2O  +  7N, 

3N03H+5NH3  =  9H20+8N. 

This  means  is  now  universally  employed,  unless  the  acid  has 
been  sufficiently  denitrated  in  the  Glover  tower.  Under  normal 
conditions  01  to  0-5  lb.  suffice  for  purifying  100  lb.  of  vitriol. 

Production  of  chemically  pure  Sulphuric  Acid. 

Hayes  (Dingl.  Joum.  ex.  p.  104)  has  proposed  to  add  nitre  to 
the  vitriol  of  152°  Tw.,  coming  from  the  lead  pans,  sufficient  for 
destroying  the  largest  portion  of  any  hydrochloric  acid  present, 
and  for  oxidizing  completely  the  sulphurous  and  arsenious  acids, 
then  to  destroy  the  nitrous  acid  &c.  again  by  adding  J  per  cent,  of 
ammonium  sulphate — to  add  a  little  oxide  of  lead,  to  cool  and 
settle  in  leaden  vessels,  and  to  cool  the  clear  acid  siphoned  oflF  in 
shallow  lead  pans  down  to  —18°  C.  In  this  case  the  hydrate 
SO4H2  +  H2O  crystallizes  out;  the  mother-liquor  containing  all 
impurities  is  decanted ;  the  crystals  are  washed  with  pure  acid, 
and  then  form  square  prisms  sometimes  an  inch  thick  and  1 J  in. 
long}  These  are  fused  in  clean  lead  vessels,  and  used  as  they  are, 
or  further  concentrated  in  a  platinum  still.  This  process  was 
intended  to  save  the  distillation  ;  it  has  not  been  successful,  how- 
ever ;  for  it  is  troublesome  and  yet  does  not  produce  a  really  pure 
acid. 

The  only  plan  for  making  perfectly  pure  sulphuric  acid  for  phar- 
maceutical and  analytical  purposes  is  still  fractional  distillation, 
connected  with  such  operations  as  previously  remove  the  volatile 
impurities  of  the  vitriol  or  convert  them  into  fixed  compounds. 
We  have  seen  above  how  the  arsenic  and  the  nitrogen  compounds 
can  be  removed.  It  is  best  to  destroy  the  latter  first  by  ammonium 
sulphate,  and  to  convert  the  arsenious  acid  into  non-volatile  arsenic 
acid.  It  is  safer,  on  account  of  the  danger  of  spurting,  first  to 
remove  both  nitrogen  compounds  and  arsenic  by  means  of  sulphu- 
retted hydrogen ;  but  then  the  acid  must  be  much  diluted  previously. 
It  never  becomes  absolutely  free  from  arsenic  in  this  way ;  it  is 
therefore  always  preferable  to  employ  brimstone-acid  for  rectifica- 
tion. 

According  to  Nickles,  hydrofluoric  acid  is  sometimes  foimd  in 
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vitriol ;  and  it  can  be  removed  by  diluting  it  with  twice  its  bulk  of 
water  and  heating  it  for  15  hours. 

The  fixed  substances,  such  as  iron,  lead,  copper,  &c.,  remain  in 
the  retort  on  rectifying ;  and  in  order  to  avoid  contamination  with 
organic  substances,  the  receiver  is  changed  when  about  ^^q  part  of 
the  acid  has  come  over ;  the  distillation  is  interrupted  when  only 
^  to  <]^  of  the  acid  is  left  behind.  The  portion  distilling  between 
these  two  limits  is  quite  pure. 

The  distillation  of  sulphuric  acid  is  a  very  disagreeable  and  even 
dangerous  operation,  on  account  of  the  strong  bumping  caused  by 
the  sudden  development  of  large  bubbles  of  vapour ;  this  is  espe- 
cially favoured  by  the  lead  sulphate  separating.  In  such  cases  the 
retort  is  sometimes  bodily  lifted  up,  and  of  course  smashed  when 
it  falls  back  upon  its  seat.  The  bumping  must  therefore  be  avoided 
as  much  as  possible,  for  which  purpose  the  following  plans  have 
been  proposed. 

Berzelius  prescribed  heating  the  retort  more  from  the  sides  than 
from  below,  by  placing  a  sufficiently  wide  sheet-iron  cylinder  upon 
the  grate  of  the  furnace,  so  that  the  bottom  of  the  retort  just  fits 
into  it ;  the  coals  in  the  furnace  then  only  heat  its  sides.  In  this 
case,  however,  the  iron  cylinder  may  act  as  a  cracking  ring ;  and 
A.  Miiller  (Polyt.  Centralbl.  1860,  p.  1069)  therefore  employs  an 
iron  boiler,  in  whose  bottom  a  special  iron  ring  protects  the  retort- 
bottom  from  heating,  whilst  the  remaining  space  of  the  boiler  round 
the  retort  is  filled  with  fine  cast-iron  borings.  In  any  case  the 
retort  ought  to  be  heated  in  a  cupel  just  fitting  it,  which  is  gene- 
rally filled  with  sand;  Reese  (Dingl.  Joum.  civ.  p.  395)  puts  ashes 
on  the  bottom,  as  a  bad  conductor  of  heat.  Frequently,  however, 
the  retort  is  heated  direct  in  a  fire,  and  is  merely  protected  by 
asbestos  or  by  a  paste  of  clay  which  is  continued  up  to  the  curve 
of  the  neck,  so  that  the  vapour  is  prevented  from  condensing  too 
soon. 

In  any  case  the  retorts  must  be  made  of  very  good  glass^  free 
from  knots,  equally  thick  all  over,  and  not  too  large;  the  neck 
must  be  protected  against  draughts,  and  must  not  extend  to  the 
middle  of  the  receiver,  as  the  latter  might  be  cracked  by  the  hot 
drops  of  acid  falling  into  it.  It  is  neither  necessary  nor  advisable 
to  cement  the  joint  between  the  retort  and  the  receiver,  or  to 
cool  the  latter,  considering  the  high  boiling-point  of  the  acids; 
but  it  is  useftd  to  place  a  strip  of  asbestos  between  the  neck  of  the 
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retort  and  the  receiver,  in  order  to  protect  the  latter  against  over- 
heating at  the  point  of  contact. 

The  bumping  is  very  commonly  avoided  by  putting  in  substances 
which  favour  a  regular  evolution  of  vapour.  For  this  purpose  the 
following  are  useful : — platinum  scraps  or  wire,  for  instance  in  the 
shape  of  spirals ;  bits  of  quartz,  of  porcelain,  or  of  very  hard  coke. 
Pelloggio  recommended  a  wide  glass  tube,  drawn  out  to  a  fine  point 
at  the  lower  end,  and  reaching  almost  down  to  the  bottom  of  the 
retort;  through  this  the  air  can  communicate  with  the  interior 
(Polyt.  Centralblatt.  1868,  p.  392).  Hager  has  tried  this  and 
found  it  useless.  Dittmar  conducts  a  continuous  slow  current  of 
air  through  the  boiling  acid  (see  above,  p.  19) . 

When  distilling  about  1  cwt.  at  a  time,  it  takes  from  5  to  6  hours 
of  moderately  strong  heating  before  the  contents  of  the  retort  begin 
to  boil ;  after  12  hours  one  twentieth  has  distilled  off.  The  receiver 
is  now  changed ;  after  36  hours  (counting  from  the  commencement) 
the  acid  is  distilled  off  within  one  eighth  or  one  tenth,  and  the  ope- 
ration is  stopped.  According  to  whether  the  first  change  of  receiver 
has  been  made  a  little  sooner  or  later,  acid  more  or  less  concentrated 
is  obtained. 

The  following  method  is  very  much  to  be  recommended,  because 
the  danger  of  handling  such  large  quantities  is  hereby  avoided.  A 
small  tubulated  retort  holding  from  a  pint  to  a  quart  is  employed ; 
above  this,  a  little  to  one  side,  a  bottle  of  convenient  size  is  mounted, 
provided  with  a  glass  cock,  into  which  the  sulphuric  acid  to  be  rec- 
tified is  put,  after  it  has  been  freed  from  all  volatile  impurities  by 
previous  heating.  The  distillation  is  now  started  in  the  small  retort, 
which  is  about  half  filled,  and  into  which  a  few  scraps  of  platinum 
are  put.  Afterwards,  by  means  of  the  glass  cock  and  of  a  finely 
drawn-out  glass  tube,  as  much  acid  is  allowed  to  run  continuously 
from  the  stock-bottle  into  the  retort  as  is  distilling  off.  The  ope- 
ration may  be  continued  till  too  much  of  fixed  substances  is  accu- 
mulated in  the  retort.  The  author  has  seen  this  plan  at  work  in 
English  factories. 
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CHAPTER  XIII. 


THE  CONCENTRATION  OF  SULPHURIC  ACID. 

The  yitriol^  as  obtained  direct  in  the  chambers  (that  is  to  say^  from 
106°  to  at  most  124°  Tw.  strong),  is  sufficiently  concentrated  for 
many  technical  purposes ;  and  where  the  acid  is  used  up  again  for 
such  purposes  at  the  same  works,  its  further  concentration  is,  of 
course,  out  of  the  question.  This  is  the  case,  for  instance,  with 
large  industries  having  their  own  vitriol-works,  with  the  manufac- 
turers of  superphosphate  and  of  sulphate  of  alumina  (concentrated 
alum).  Even  for  making  sulphate  of  soda  from  common  salt  it  is 
quite  easy  to  manage  with  acid  of  124^  Tw.,  although  stronger  acid 
is  better ;  and  in  fact  some  alkali-makers  (not  so  many  now  as 
formerly)  work  without  any  concentrating-apparatus,  making  their 
chamber-acid  as  strong  as  possible.  This,  to  be  sure,  excludes  the 
application  of  a  Gay-Lussac  tower ;  and  such  works  certainly  did 
not  possess  such  a  tower.  With  the  introduction  of  the  Glover 
tower  the  state  of  matters  was  changed,  inasmuch  the  manufac- 
turers using  this  tower  can  i^ncentrate  all  their  acid  to  144^  or 
or  even  152°  Tw.  without  any  cost,  and  thus  arrive  at  the  same 
point  as  those  who,  not  using  that  tower,  concentrate  their  acid  in 
lead  pans.  But  since  Glover  towers  are  far  from  universal,  and 
since  they  are  not  suitable  for  all  the  uses  of  sulphuric  acid  (see 
p.  441),  we  must  here  describe  the  other  concentrating-apparatus 
as  well.  These  come  into  use  especially  where  vitriol  of  170°  Tw. 
is  to  be  made,  for  which  the  Glover-tower  acid  is  not  very  well 
adapted. 

It  should  be  borne  in  mind  that  in  boiling  dilute  sulphuric  acid 
the  escaping  vapour  consists  almost  entirely  of  water,  and  contains 
very  litUe  sulphuric  acid  indeed.  The  acid  remaining  behind  will 
therefore  become  more  and  more  concentrated)  without  any  material 
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loss  of  acid,  so  long  as  144°  Tw.  is  not  exceeded.  Walter  (as  quoted 
in  Bode^s '  Glover  Tower/  p.  17)  found  that  the  loss  in  concentrating 
vitriol  in  open  pans  up  to  144°  Tw.  only  amounts  to  001  per  cent. 
At  the  same  time  the  boiling-point,  which  in  the  case  of  chamber- 
acid  is  about  147°  C,  gradually  rises  :  that  of  acid  of  144°  Tw.  is 
200°;  that  of  acid  of  152°  Tw.,  215°.  Beyond  this  the  boUing- 
point  rises  very  rapidly,  and  finally  becomes  stationary  at  338°  C, 
at  which  point  not  yet  real  sulphuric  acid  (SO4H2),  but  an  acid 
containing  about  1*2  to  1*5  per  cent,  of  water  remains  behind.  In 
practice  this  limit  is  hardly  ever  reached ;  the  heating  is  stopped 
when  the  remaining  acid  nominally  shows  170°  Tw. ;  for  the  most 
part  its  real  density  amounts  to  only  1'830  or  1*835  =  166°  or  167° 
Tw.  A  tabic  of  the  boiling-points  of  sulphuric  acids,  according  to 
their  dilution,  has  been  given  above  at  p.  36. 

The  way  in  which  sulphuric  acid  is  to  be  concentrated  is  modi- 
fied, first,  by  the  material  of  the  concentrating  vessels.  From  what 
has  been  said  above  (p.  40)  it  follows  that  sulphuric  acid  of  144*^, 
or  even  up  to  152°  Tw.,  acts  very  little  upon  the  lead,  even  when 
hot ;  and  so  long  as  the  acid  has  not  to  be  stronger  than  144°  Tw., 
leaden  vessels  are  always  used*,  which  oflfer  the  advantage  that  they 
can  be  made  of  any  size,  and  that,  when  they  are  worn  out,  they 
can  be  very  easily  melted  up  and  the  material  used  over  again.  It 
is  not  advisable  to  carry  on  the  concentration  in  lead  above  144°  Tw., 
because  at  that  point  the  lead  is  much  acted  upon ;  and  in  no  case 
can  lead  pans  be  used  beyond  152°  Tw.,  both  because  in  that  case 
the  boiling-point  of  the  acid  too  nearly  approaches  the  temperature 
at  which  the  lead  begins  to  soften,  and  because  the  acid  then  acts 
too  strongly  upon  it. 

The  further  concentration  of  the  acid  must  take  place  in  vessels 
of  lead  or  platinum,  or  in  apparatus  of  peculiar  construction,  which 
will  be  described  hereafter. 

The  concentration  of  sulphuric  add  to  144°  or  to  152°  Tw.  is 
therefore  always  carried  on  in  lead  pans  (apart  from  the  Glover 
towcrj .  These  pans,  however,  may  be  constructed  in  very  different 
ways.  They  may  either  be  heated  by  a  direct  fire,  and  either  from 
the  top  or  from  the  bottom,  or  by  steam,  or  by  the  waste  heat  of 
the  pyrites-burners ;  and  their  construction  differs  accordingly,  as 
will  appear  from  the  detailed  description. 

*  The  only  exception  is  a  process  of  Faure  and  Kesaler's,  hardly  much  in  use, 
of  carrying  on  even  the  first  concentration  up  to  144°  Tw.  in  platinum  dishes. 
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I.  Lead  pans  heated /irom  the  top. 

This  is  the  appropriate  mode  of  firing  when  the  purity  and  espe- 
cially the  appearance  of  the  vitriol  arc  of  less  moment  than  a  saying 
in  fuel  and  the  accomplishment  of  a  large  amount  of  work.  The 
acid  in  this  case  is^  of  course^  contaminated  bj  the  flue-dust^  and  is 
always  more  or  less  stained  by  sooty  matters^  whence  its  English 
namc^  "  brown  vitriol,"  has  arisen.  These  contaminations  are 
quite  harmless  when  it  has  to  be  used  for  decomposing  salt,  for 
superphosphate,  and  for  many  other  purposes. 

On  the  other  hand  the  rate  of  evaporation  with  a  fire  from  above 
is  very  quick,  because,  first,  the  hot  gas  is  brought  into  immediate 
contact  with,  and  thus  can  communicate  its  heat  much  better  to, 
the  acid  than  when  the  two  are  separated  by  metallic  plates; 
secondly,  the  vapours  formed  thereby  are  at  once  removed  by  the 
draught — which,  as  is  well  known  by  experience,  very  much  assists 
the  evaporation.  Moreover,  fired  from  the  top,  the  pans,  if  pro- 
perly constructed,  are  much  less  acted  upon  than  when  fired  from 
below;  especially  the  danger  of  being  burnt  through  from  the 
workmen's  carelessness  is  much  smaller. 

Concerning  the  loss  of  acid  in  evaporation  no  experiments  have 
been  published;  probably  it  is  somewhat  larger  than  with  pans 
heated  from  below.  Hasenclever  (^  Berichtc  d.  deutsch.  Chem. 
Oesellsch.'  v.  p.  504)  mentions  that  these  "  evaporating-fumaces '' 
have  been  done  away  with  again  at  many  works  because  the  acid 
is  easily  overheated,  and  because  much  acid  may  escape  with  the 
fire-gas.  In  England,  where  the  pans  with  top  heat  have  been 
built  in  a  more  suitable  manner  than  those  mentioned  by  Hasen- 
clever, they  have  never  had  to  be  removed  for  the  reason  mentioned 
by  him. 

According  to  the  above,  pans  with  top-heat  are  especially  suitable 
for  larger  alkali-  and  manure- works  or  for  acid  to  be  sold  to  the 
latter,  but  less  so  for  sale- acid  for  other  purposes.  They  were  far 
more  extensively  used  in  England  than  pans  with  bottom-heat ; 
but  they  have  become  superfluous  wherever  there  are  Glover 
towers.  Such  pans  have  been  described  by  Godin  {'  Annales  des 
Mines,'  1865,  p.  344)  and  by  the  author  (Dingl.  Joum.  cci.  p.  352). 
In  any  case  the  lead  must  be  protected  from  direct  contact  with 
the  fire ;  or  at  least  the  pans  must  be  cooled  in  such  a  manner  that 
the  lead  cannot  melt.  The  first  way  of  doing  this  is  to  keep  the 
pan  always  filled  to  the  same  level,  and  that  near  to  its  top,  leaving 
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only  a  sutRcient  margin  to  prevent  any  boiling-orer.  And  in  ordi- 
nary work  the  acid  is  never  drawn  off  altogether  unless  for  repairs ; 
but,  the  concentrated  acid  being  heavier  and  sinking,  it  is  continu- 
ally drawn  off  from  the  bottom,  and  fresh  acid  is  continnally  run  in 
at  the  top,  as  long  as  the  concentrating  process  goes  on.  Even  then 
the  empty  portion  of  the  pan  has  to  be  protected,  especially  at  the 
fire-bridge ;  and,  in  many  English  works,  for  this  purpose  a  lead 
pipe  was  burnt  on  all  round,  through  which  ran  a  continuous 
stream  of  cold  water.  This  contrivance  cannot  be  highly  recom- 
mended, because  the  pipe  soon  gets  leaky.  Moreover  the  raising 
of  the  water  costs  something;  and  therefore  the  following  ari'ange- 
mcnt  is  preferable. 

Fig.  223  shows  a  front  elevation,  fig.  222  a  cross  section,  and 
fig.  221  a  plan,  of  a  pan  with  top  heat.   The  fireplace,  A  (2  ft.  x  4  ft.). 


Fig.  221. 


^^ 

J"   - 

te^. 
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B  1*  ^.j  'fti^  itrh  1,  ami  'm  iT-wiiy  iiahn  ^.  i  fees  j;ca.  Ijins  od 

«^ari«  4  'j^v^fra.  A  lit:  B  _i  I  5>,c  »u:rf,  lauT  ;r^;««  <5  ii;he»  eem 
K.  TKa  irr»£e  in  A  ^  hxvs  •ho'm  u  s  pbin  one ;  t:  m^fat,  of 
fV/>'.rv>,  fje  auire  n£ii>iuilT  erxMntttd :  and  at  Moe  waAs  h  ww 
ntplM^il  br  a  i;auTMai  an.  Anjluav  the  air-dtuuiri.  rf,  ^cfcnti 
•Aj  injnrir<)u  i&3neace  of  the  heas  of  cbe  fireplace  on  tke  pan,  and 
««  need  onl;  bttil  the  fUme  tttelf. 

Tlte  pan  B  h  ahrars  made  *:/  a  fio^  ili^ec  of  lead,  veigitmg  from 
15  to  ajf  mai^h  as  Vt  [h.  per  iaperficial  fooc ;  the  conwn  are  not 
ma^e  \/j  cuttinj^  oat,  but  hj  ftA/^-a^  orer,  aa  shown  plainlj  in 
fijE.  221 .  Sin(%  <nicb  fftont  I«ad  cannot  evilj  be  bent  cold,  aloag 
the  line  marl:nl  oat  for  the  folding  a  fmaQ  fire  of  dtaTin^  ia  made, 
of  txinnti  takiri^  care  to  avoid  melting  die  lead ;  thf  lead  then 
Vift«)j!  -tafficifnitly  to  be  bent  with  ea.4e.  The  pan  is  placed  on 
}fru:k  pillars,  >•'•,  «tandin^  quite  free,  v>  that  the  space  between 
them  and  [jelow  the  pan  u  accessible  at  an;  time.  On  the  pillan 
ktrfrnffwrxtA  Vieama,//,  are  laid;  and  acrou  these -3-incb  planks  are 
placed  ciriae  together ;  they  are  covered  with  a  thin  laver  of  aand, 
on  which  the  pan  itoelf  is  set.  The  pillara  and  beams  project  on 
each  side  10  inchea  beyond  the  pan  itself,  and  thus  support  small 
)mt:k  iiillarM,  h  h,9  inches  square,  not  quite  tonching  the  lead,  and 
connet.'ted  tt^ether  at  the  t'lp  by  cast-iron  girders,  ■  i.  These  have 
an  aitffrjlar  nerrtion,  and  serve  as  springers  for  the  arch  a,  which  is 
thiiN  (jiiite  independent  of  the  pan.  To  be  sore,  the  pillara,  A  A,  are 
mii(;h  Uto  weak  to  bear  the  side  pressure  of  the  arch  ;  but  this  is 
kept  up  by  the  binding-rods,  k  k.      The  upper  margin  of  the  lead 
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pan  is  bent  round  at  a  right  angle,  and  jammed  in  between  the 
pillars,  A  h,  and  the  girders,  1 1 ;  iu  this  way  the  sides  of  the  pan 
are  kept  stiff.  Next  to  the  fireplace,  where  the  pan  becomes  hottest 
and  most  readily  gives  way,  it  may  be  protected  by  iron  rails  and 
stays,  //. 

A  neater,  but  rather  dearer,  plan  is  this : — Instead  of  the  brick 
pillars,  e  t,  there  arc  cast-iron  columns 
provided,  carrying,  about  liulfwny  up,  ''8-  224. 

brackets,  upon  which  metal  plutcs  for  ~ 
supporting  the  pan-bottom  are  laid. 
The  columns  are  connected  at  the  top 
by  metal  girders  serving  as  springers 
for  the  pan-arch,  and  arc  kept  togctlier 
by  bracing-roda.  Fig.  22  ir  will  make 
this  plainer. 

The  proper  protection  of  the  pan  ; 
from  the  fire  is  brought  about  by  the 
dry  wall,  m  m,  built  up  all  round  within  the  pan,  of  the  best,  hardest, 
acid-proof  firebricks  or  stoneware  slabs.  At  the  long  sides  this  wall 
reaches  np  to  the  arcli ;  at  the  lirc-cnd  it  only  reaches  to  the  upper 
margin  of  the  pan,  and  there  carries  the  projecting  fireclay  slabs,  c ; 
at  the  chimney-end  there  are  similar  slabs,  n,  reaching  up  to  the 
down-draught,  o.  The  wall,  m  m,  stands  about  1  inch  off  the  pan- 
sides,  and  has  openings  at  the  l>ottom,  so  that  the  acid  can  circulate 
freely.  It  is  evident  that  the  fire  can  nowhere  touch  the  lead  itself; 
and,  moreover,  the  pan  is  also  protected  outside  by  the  cooling  ac- 
tion of  the  air;  so  that  it  cannot  possibly  melt,  or  even  soften. 
The  greatest  danger  of  this  is  still  left  at  the  fire-end,  to  which,  cer- 
tainly, great  attention  must  be  paid.  In  the  arch  there  are  man- 
holes, pp,  and  an  inlct-pipc  for  acid,  whilst  the  strong  acid  is 
drawn  off  by  a  siphon  from  the  end  a,  lef%  free  by  the  arch ;  it  is 
still  better  to  attach  to  the  bottom  of  tho  pan  an  overflow-pipe 
which  rises  to  its  top,  and  whoso  mouth  can  easily  be  narrowed 
according  to  requirement.  The  pan  is  preserved  better  if  the  fresh, 
cool  acid  runs  in  at  the  part  nearest  the  fire-bridge  whilst  the 
strong  acid  is  taken  away  from  the  opposite  end  of  the  pan,  whore 
it  is  coolest.  It  is  always  too  hot  to  be  used  directly ;  and  there- 
fore it  is  run  into  shallow  lead  coolers,  stayed  by  iron  or  wood 
frames,  of  which  one  is  being  filled  whilst  the  contents  of  the  other 
are  being  used.    If  the  acid  should  not  nin  off  suflSciently  atrong. 
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either  the  fire  L%  increased,  or  the  supply  of  weak  acid  is  diminished, 
or  both. 

The  width  of  the  pan  is  dependent  upon  that  of  the  sheet-lead  ; 
if  for  the  sides  about  17  inches  each  are  allowed,  about  4  feet 
11  inches  general! j  remain.  The  length  is  alwars  much  morecon- 
aiderable,  rarelj  below  20  feet,  bat  sometimes  as  much  as  33  fieet. 
The  longer  the  pan,  the  better  the  fire  is  utilized.  The  consump- 
tion of  fuel  is  always  much  less  than  for  pans  with  bottom-fires ; 
Bode  estimates  it  at  from  10  to  12  per  cent,  of  the  strong  acid,  but 
without  any  experience  of  his  own.  The  repairs  of  a  properly  con- 
structed pan  of  this  kind  are  much  less  than  those  of  a  pan  with 
bottom-heat  (as  it  always  is  in  analogous  cases) ;  and  the  work  done 
is  much  larger  for  an  equal  area.  A  pan  of  4  feet  11  inches  width 
by  33  feet  length  was  sufficient,  in  the  author's  experience,  for 
boiling  down  80  tons  of  acid  of  144^  Tw.  per  week,  from  chamber- 
acid  of  116-124^  Tw. 

Clough  C  American  Patent,  Official  Report,'  i.  p.  495,  iii.  p.  166) 
has  proposed  a  similar  apparatus  for  cencentrating  the  vitriol  up  to 
170^  Tw.  His  pan  was  protected  from  the  fire,  inside  by  a  wall, 
and  outside  by  cold  water  contained  in  an  iron  jacket.  This  can 
hardly  be  put  into  practice,  because  the  loss  of  acid  vapours 
would  be  too  great. 

2.  Lead  pans  with  bottom-heai. 

These  pans  are  mostly  made  of  much  smaller  size  than  those  with 
top-heat;  the  essential  reason  of  this  is  the  different  wear  and 
tear  which  they  suffer  according  to  whether  they  are  more  or 
less  exposed  to  the  fire ;  moreover  the  concentration  in  this  case  is 
very  regular,  the  pans  always  being  arranged  in  sets,  so  that  the 
weak  acid  flows  in  at  one  end  of  the  set  and  runs  over  from  one  pan 
to  another  till  it  runs  off  sufficiently  strong  at  the  other  end  of  the 
set,  in  order  to  be  used  up  or  sold,  or  to  be  further  concentrated  in 
platinum  vessels.  Sometimes,  however,  long  pans  made  in  one 
piece  are  used,  especially  in  England.  In  that  case  the  first  part, 
nearest  the  fire,  is  protected  by  an  arch,  the  larger  part  of  the  pan- 
bottom  behind  this  by  fire-clay  slabs  or  metal  plates,  as  shown  in 
figs.  225  to  227. 

The  latter  are  sometimes  covered  by  a  thin  layer  of  sand,  in 
r  to  communicate  the  heat  evenly  to  the  pan;  but  this  greatly 
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Fig.  2-X. 
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binders  the  heat-convection.     The  pan  ia  stiffened  inside  by  iron 
stays  covered  with  lead ;  and  it  is  covered  by  an  arch  to  carry  off 
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the  vapours  into  the  ojien  air  or  into  the  chambers — tie  latter 
rarely. 

On  the  Continent  small  pans  are  very  generally  nsed,  of  5  to 
7  feet  length  and  width,  and  from  12  to  16  inches  depth,  of  which 
from  four  to  six  form  a  act.  They  are  made  of  15-  to  18-lb.  lead, 
mostly  by  bending  up  the  sides  and  folding  over  (not  cutting  out) 
the  coro^^.  They  are  often  set  in  steps,  each  pan  about  S^  inches 
lower  than  the  preceding  one,  as  shown  in  fig.  228;  in  other  case?, 


Fig.  228. 
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however,  they  are  placed  at  one  level,  but  are  made  of  different 
depths — ^the  pan  which  receives  the  weak  acid  being  the  deepest 
(16  inches),  and  each  following  one  a  little  lower,  the  last  pan  (for 
strong  acid)  coming  down  to  12  inches.  In  this  way  the  acid  can 
also  flow  from  one  end  of  the  set  to  the  other ;  and  this  arrange- 
ment will  be  shown  hereafter,  in  the  section  on  concentration  in 
platinum  dishes.  At  the  Oker  Works  there  is  a  long  pan  divided 
by  partitions  into  seven  compartments  of  equal  height  and  level ; 
the  fire-grate  is  in  the  centre  of  one  side ;  and  the  flame  first  passes 
in  the  centre  to  the  back,  and  then  returns  at  both  sides  to  the  front 
of  the  pan. 

The  acid  is  generally  carried  over  from  one  pan  into  the  next  by 
continuously  acting  cup-siphons,  as  seen  in  fig.  228.  But  as  such 
siphons  frequently  cease  to  act  in  consequence  of  air  getting  in  owing 
to  the  slow  current  and  the  small  difierence  of  levels,  there  ought 
always  to  be  an  overflow-pipe  provided  to  prevent  the  pans  from 
running  over.  It  is  even  preferable  to  replace  the  siphons  altogether 
by  overflow-pipes,  which  take  the  acid  from  the  bottom  of  one  pan 
and  allow  it  to  run  on  to  the  top  of  the  next  one ;  this  arrangement 
certainly  requires  the  work  of  a  very  good  plumber,  to  last  without 
continual  repairs.  The  chamber-acid  is  constantly  running  into 
the  first  pan  in  a  regulated  stream ;  and  the  strong  acid  runs  off 
from  the  last  pan  without  any  further  interference,  the  supply 
being  so  regulated  that  the  proper  strength  is  obtained. 

The  pans  are  always  stayed  and  protected  from  the  direct  action 
of  the  fire  by  cast-iron  plates,  which  are  thicker  at  the  fire  end  than 
further  off" — say,  decreasing  from  2  inches  down  to  J  inch.  Fre- 
quently the  first  pan,  below  which  the  fireplace  itself  is  built,  is 
protected  by  an  arch. 

Opinions  differ  on  the  point,  in  what  way  the  firing  of  the  pans 
should  be  arranged.  In  most  places  there  is  the  decidedly  rational 
arrangement  of  putting  the  fireplace  under  the  strong  pan,  and 
allowing  the  fire  to  travel  towards  the  weak  pan,  which  receives  it 
last  of  all.  In  this  case  the  greatest  heat  exists  where  it  is  most 
required,  since  the  concentration  of  the  strong  acid  is  more  difficult 
and  its  boiling-point  higher,  and  since  the  fire-gas  ultimately  comes 
into  contact  with  cold  acid.  When  the  pans  are  set  terrace-fashion, 
the  fire  takes  its  most  natural  direction,  viz.  upwards.  Still  in  some 
places  the  opposite  arrangement  has  been  introduced — placing  the 
fire  under  the  weak  pan,  the  flame  travelling  towards  the  strong 
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pan.  No  doubt  this  is  done  with  the  intention  of  protecting  the 
strong  pan  from  being  worn  out  too  soon,  which,  however,  can  be 
done  in  other  ways  just  as  well.  At  least  in  some  works  the  ar- 
rangement first  described  has  been  exchanged  for  that  last  described, 
because,  it  was  said,  the  strong  pan  suffered  too  much ;  but  the 
author  has  generally  received  information  to  the  contrary. 

Bode  cites  the  temperature  and  strength  of  the  acid  in  a  set  of 
six  pans,  where  the  fire  travelled  in  the  same  direction  as  the  acid, 
viz. : — 

Acid  running  in.     1st  pan.  2nd  pan.  drdpan.  4tlipan.  5th  pan.  Gthpan. 

a.  Temperature  25° 112  150  160  148  145  143  C. 

Strength  110° 113  120  128  134  140  144  Tw. 

6.  Temperature  24° 110  145  156  145  142  142  C. 

Strength  110° 113  118  126  134  140  144  Tw. 

Here  the  hottest  pan  is  the  third  ;  so  that  the  fire  is  badly  uti- 
lized. According  to  his  experience  this  set  required  20  parts  and 
upwards  of  coal  to  produce  100  parts  of  acid  of  144°  Tw. ;  whilst  in 
the  set  figured  below,  where  the  fire  meets  the  acid,  only  15  to  16 
parts  of  coal  were  used  (on  the  average  of  several  years) .  For  each 
ton  of  strong  acid,  in  24  hours  about  20  superficial  feet  of  pan- 
bottom  may  be  reckoned ;  the  whole  set,  therefore,  furnishes  6^  tons 
every  24  hours. 

Bode  gives  the  temperatures  and  strengths  of  the  acid  during 
concentration  in  pans  with  the  proper  style  of  setting  as  fol- 
lows : — 

Set  of  four  pans  : 

Acid  running  in.  let  pan.    2nd  pan.    3rd  pan.      4th  pan. 

Temperature  20° 52  78  120  138  0. 

Strength  106° ...  ...  144  Tw. 

Set  of  three  pans  heated  by  the  pyrites-burners : 

^^'^^jI^"^         1*P-        2ndp».        3rd  P.O. 

Temperature  70° 105  128  147  0. 

57** 92  106  125  0. 

Strength  106'» ...  144  Tw. 

According  to  Hasenclever,  it  is  well  to  regulate  the  working  of 
the  pans  by  thermometers,  in  order  to  avoid  any  risk  of  damaging 
them. 
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Figs.  229  to  232  represent  the  set  of  pans  designed  and  coDstmcted 
by  Bode,  where   the  fireplace  is  outside,  in  order  to  save  the 
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first  pan.     The  second  plan  designed  by  Bode,  and  represented  in 
figs.  233  to  236,  seems  still  better.     In  this  there  is  no  outside  fire- 
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place,  but  a  protecting  arch.     From  this,  by  means  of  a  pan-area 
of  118  superficial  feet  aUd  a  fire-grate  of  6^  superficial  feet,  5  tons 
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of  strong  acid  could  be  produced  every  24  hours,  with  a  consump- 
tion of  12  to  14  per  cent,  of  Silesian  coal.  Figs.  233  and  235 
show  a  modification,  in  which  a  Fairbairn^s  double  fireplace  is 
used. 

According  to  Scheurer-Kestner  (Wnrtz,  ^  Diction,  de  Chimie/ 
iii.  p.  159),  four  pans,  6  feet  6i  inches  by  3  feet  11  inches  each, 
permit  the  concentration  from  109°  to  152°  Tw.  of  sufficient  acid 
to  produce  3  tons  of  concentrated  acid  daily,  with  a  consumption 
of  no  more  than  half  a  ton  of  coals. 

Bode  calculates  the  cost  of  erecting  a  concentrating-apparatus 
like  that  shown  in  figs.  233  to  236  at  i;150,  and  that  of  keeping  it 
in  good  working  order  at  12  per  cent,  per  annum.  The  cost  of  the 
concentration  itself,  reckoning  coals,  wages,  and  wear  and  tear,  in 
four  actual  cases,  amounted  to  from  2^.  S^d.  to  2s,  8d.  per  ton. 

3.  Lead  pans  fired  by  waste  heat. 

If  in  a  factory  there  are  platinum  apparatus  for  making  acid  of 
170°  Tw.,  the  fire  of  these  can  never  be  so  far  utilized  that 
the  waste  heat  could  not  be  employed  for  heating  lead  pans ;  and 
how  this  is  actually  done  is  shown  in  the  drawing  to  be  given 
further  on. 

Much  more  generally  applicable,  and  quantitatively  more  effi- 
cient, is  the  utilization  of  the  waste  heat  of  pyrites-  or  sulphur- 
burners  for  concentrating  chamber-acid.  Where  there  is  no  Glover 
tower  (which  utilizes  that  waste  heat  in  a  different  and  certainly 
even  more  advantageous  manner)  the  above  process  is  most  rational, 
since  here  also  the  same  operation  that  produces  the  concentration 
of  the  acid,  fulfils  another  useful  function,  that  of  cooling  the 
burner-gas  before  it  enters  the  chambers. 

The  pans  used  here  are  generally  made  exactly  like  those  for  con- 
centrating with  bottom-fires.  They  are  mostly  placed  on  the  pyrites- 
burners  themselves ;  they  must  not,  however,  be  set  directly  upon 
the  burning  pyrites,  nor  even  with  merely  a  metal  plate  between, 
but  must  be  separated  from  it  by  a  brick  arch.  In  other  cases  there 
is  immediately  over  the  burners  a  gas-flue,  serving  at  the  same  time 
as  a  dust-chamber,  on  the  top  of  which  the  acid-pans  are  placed 
(see  the  diagrams  of  Mal^tra's  burners,  figs.  76,  77) .  Sometimes, 
if  there  is  any  fear  of  leakage  from  the  pans  into  the  burners,  they 
are  not  placed  over  these,  but  upon  a  continuation  of  the  gas-flue. 

2k2 
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Hasenclcver  even  advises  building  &  second  gas-flue,  to  be  used  when 
the  pans  have  to  be  repaired.  The  heat  of  the  kiln-gas  will  not  thus 
be  turned  to  account  bo  well  as  if  the  pans  stood  directly  upon  the 
burners;  and  the  danger  of  leakage  into  the  burners  can  be  avoided 
by  providing  the  metal  plates,  on  which  the  pans  rest,  with  a  flange 
all  round  and  an  outflow  for  any  acid  collecting  in  it,  like  those 
used  in  nitre-ovens.  But,  on  the  other  hand,  it  has  been  noticed 
that  sometimes,  especially  in  the  case  of  poorer  ores,  the  pans  on 
the  burners  withdraw  too  much  heat  from  these  to  be  conducive  to 
good  burning. 

Whilst  at  some  places  such  pans  on  the  top  of  the  burners  con- 
centrate all  the  cliambcr-acid  from  112°  to  144°Tw,,at  others  this 
cannot  be  done,  and  a  little  extra  coal  is  required  for  completing 
the  concentration. 

The  diagrams,  figs.  237  to  243,  represent  pans  designed  by  Bode, 


along  with  the  pyrites-kilns  used  by  him.  The  apparatus  shown 
here  belongs  to  a  set  of  chambers  of  40,000  cubic  feet  capacity ;  and 
each  burner  receives  daily  IGcwt.  of  Westphalian  pyrites  contain- 
ing 42  per  cent,  of  sulphur.  The  grate  of  each  burner  has  a  surface 
of  34'4  square  feet ;  the  grate-bars  are  elliptical,  3  inches  by  1^  inch, 
each  of  them  movable ;  the  arch  is  4  feet  4  inches  above  the  grate, 
with  a  spring  of  7  inches.  The  diagrams  show  how  each  burner 
can  be  cut  off  separately.     The  pans  are  6  feet  3  inches  by  4  feet 
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2  inclies  by  1  foot  2  incheB,  made  of  sheet  lead  weighing  8^  lb.  per 
superficial  foot.  They  supply  daily,  whea  l\  ton  of  pyrites  is  burnt, 
altogether  2  tons  5  cwt.  of  acid  of  144"  Tw,  (that  is  to  say,  5  cwt. 
in  excess  of  the  make  of  the  chambers) ;  but  as  at  the  same  time 
from  15  to  18  cwt.  daily  have  to  be  evaporated  for  the  Gay-Lussac 
tower,  the  excess  causes  no  inconrenicnce.  Each  year  three  new 
pans  used  to  be  put  in,  a  pan  never  being  left  until  actually  burnt 
through,  but  replaced  as  soon  as  the  lead  had  become  too  thin — a 
plan  most  decidedly  to  be  recommended  in  every  case.   The  renewal 
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only  refers  to  the  strong-acid  pans ;  those  for  weak  acid  are  hardly 
injured  at  all.  The  former  are  therefore  much  better  made  of 
thicker  lead,  say  30  lb.  to  the  superficial  foot,  in  which  case  they 
last  for  about  two  years. 

The  cost  of  conccutratiou  with  such  pans  only  amounts  to  a 
small  fraction  of  the  wages  of  the  burncrmen,  in  addition  to  the 
expense  of  renewing  the  pans ;  Bode  calculates  it,  for  a  special 
case,  at  4i^d.  per  ton  of  strong  acid ;  for  less-favourable  cases  he 
estimates  it  at  Gd.  to  9d.  per  ton. 


4.  Concentrating-pans  heated  by  kigh-presture  gieam  in 
lead  coils. 
According  to  Hasenclever  (Ber.  d.  deutsch.  Chem.Ges.  v.  p.  504), 
the  first  idea  of  concentrating  sulphuric  acid  by  means  of  indirect 
steam  we  owe  to  Carlier,  the  Manager  of  Messrs.  Curtius'  chemical 
works  at  Diiisburg.  After  several  trials  at  that  works  they  now 
use  wooden  tanks  lined  with  lead,  13  feet  square,  on  the  bottom 
of  which  lie  two  lead  coils,  each  of  150  feet  length,  1|  inch  bore, 
and  J  inch  thickness  of  lead,  for  conveying  steam  of  45  lb.  pres- 
sure. The  bottom  of  the  pans  is  shaped  like  a  truncated  pyramid, 
for  the  purpose  of  more  easily  running  off  the  condensed  water ; 
so  that  the  tanks  are  2  feet  deep  in  the  centre,  1  foot  deep  at  the 
sides.  The  two  ends  of  each  steam-coil  are  connected  with  a 
lower-placed  steam-boiler,  into  which  the  condensed  water  con- 
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tinually  flows.  When  the  acid  has  arrived  at  140°  Tw.,  it  is  run 
into  a  leaden  tank^  through  which  a  lead  coil  runs ;  the  fresh 
chamber-acid  runs  through  this  coil ;  and^  in  coolings  the  strong 
acid  gets  a  preliminary  heating.  With  the  above  apparatus  5  tons 
of  strong  acid  can  be  obtained  from  chamber-acid  of  106°  Tw. 
every  21  hours,  by  the  consumption  of  9  cwt.  of  coals.  The  steam- 
boiler  requires  only  as  much  fresh  water  as  gets  lost  through  leak- 
age at  the  flanges  &c.  It  is  advisable  to  make  a  wooden  h>od 
over  the  steara.tank,  to  prevent  any  danger  from  acid  being 
splashed  about  in  case  of  a  steam-pipe  bursting.  Owing  to  the 
low  temperature,  no  acid  at  all  is  evaporated ;  the  process  is  very 
cleanly,  and  economical  as  to  consumption  of  fuel  and  labour. 
This  Report  of  Ilasenclever  is  fiiHy  borne  out  by  Bode.  Hasem- 
clever  (Hofmann's  Report,  1875,  i.  p.  185)  states  the  corrosion  cf 
lead  to  be  equal  to  0*44  lb.  of  lead  per  ton  of  acid.  The  steam- 
pipes  are  mostly  acted  upon  in  the  places  where  they  dip  into  the 
acid,  because  the  dust  accumulating  there  raises  by  capillarity  some 
acid  above  the  level  of  the  remainder,  and  this  becomes  too  highly 
concentrated  by  evaporation.  Since  a  lead  jacket  has  been  burnt 
to  the  steam-pipe  at  the  place  in  question,  the  above  drawback  is 
no  longer  observed. 

Figs.  244  and  245  represent  a  similar  apparatus,  after  Bode's 
'  Gloverthurni,'  p.  27.  The  tank  here  measures  10  feet  6  inches 
by  14  feet  9  inches  at  the  surface,  1  foot  4  inches  depth  in  the 
centre,  1  foot  at  the  sides,  is  heated  by  steam  of  37  lb.  pressure, 
and  supplies  in  24  hours  5  tons  of  acid  of  144°  Tw.  with  a  con- 
sumption of  10  cwt.  of  Silesian  coal.  At  some  works  Bode  found 
a  consumption  of  only  8  cwt.,  at  others,  however,  from  15  to  18 
cwt.  of  coal  for  the  same  quantity  of  vitriol. 

The  sieam-coil  must  have  a  valve  both  where  it  enters  and  where 
it  leaves  the  pans,  which  should  admit  of  being  closed  from  a  dis- 
tance in  case  of  the  coil  bursting.  Both  the  coil  and  the  return- 
pipe  for  condensed  water  must  be  so  laid  that  the  water  cannot 
cause  a  stoppage  anywhere.  The  lining  lead  weighs  from  6^  to 
10  lb.  per  superficial  foot.  The  whole  cost  of  concentration  by  these 
pans,  including  labour,  wear  and  tear  of  the  pan-lead  and  of  the 
steam-boiler  and  coils  (using  9  cwt.  of  coals  for  5  tons  of  vitriol), 
is  calculated  by  Bode  at  Is.  Sd.  to  Is.  lOd.  per  ton  of  strong  acid. 

Some  manufacturers  are  afraid  of  nmning  the  condensed  water 
back  into  the  boiler,  lest  the  latter  should  be  damaged  by  any 
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acid  getting  into  it,  or  even  caused  to  explode ;  in  such  cases  the 
above-mentioned  larger  quantity  of  coals  is  used.  Bode  points 
out  that  there  is  no  danger  of  acid  getting  into  the  steam-boiler, 
because  in  case  of  the  steam-boiler  bursting  the  steam  blowing 
off  will  prevent  the  acid  from  entering  the  boiler.  The  return- 
pipe  must  not  end  below  the  water-line,  but  in  the  steam-dome. 

The  process  of  concentration  by  steam  certainly  furnishes  the 
purest  acid,  and  was  considered  cheaper  than  the  other  plans,  ex- 
cepting the  Glover  tower  or  the  pans  placed  on  the  pyrites-burners. 
It  has  been  introduced  into  several  German  works,  but  not  gene- 
rally, more  especially  because  there  is  not  everywhere  a  special 
steam-boiler  handy  for  it ;  and  some,  perhaps,  shun  it  as  dangerous. 
Latterly  the  reports  on  the  economical  working  of  that  plan  have 
not  been  so  favourable  as  formerly. 

Of  the  other  processes  for  concentrating  vitriol  up  to  144°  Tw., 
none  of  which  has  been  extensively  employed  on  the  large  scale, 
the  following  may  be  mentioned  here : — 

Concentration  in  platinum  dishes,  in  Faure  and  Kessler's  appa- 
ratus. The  inventors  state  that  7  parts  of  coal  suffice  for  obtain- 
ing 100  parts  of  vitriol  of  14i°  Tw.  from  vitriol  of  106°  Tw.,  of 
which  quantity  4^  to  5  parts  of  coal  may  be  deducted  if  the  steam 
be  used  for  the  acid-chambers.  The  same  might  be  done  in  any 
other  plan  ;  but  it  rarely  is  done,  because  too  much  air  is  carried 
along  as  well.  According  to  Bode,  in  reality  10^  parts  of  coal 
are  used,  the  warm  water  being  utilized  for  feeding  a  boiler.  This 
system,  applied  to  concentration  up  to  144°  Tw.,  does  not  seem  to 
be  able  to  compete  even  with  the  steam-pans,  let  alone  the 
burner-pans  or  the  Glover  tower,  least  of  all  if  the  cost  of  plant 
be  considered. 

Stoddart  (Chem.  News,  xxiii.  p.  167)  has  proposed  to  force  a 
current  of  air  into  vitriol  heated  in  a  pan;  acid  of  140°  Tw.  is 
stated  to  be  obtainable  in  this  way  if  the  temperature  be  150°  C, 
and  the  strongest  oil  of  vitriol  at  a  temperature  of  260°  C.  This 
plan,  if  ever  carried  out  on  a  large  scale,  was  no  doubt  very  soon 
given  up  again.  There  is  no  reason  why  a  current  of  air  should 
not  do  much  more  harm  by  cooling  the  acid  than  it  can  do  good 
by  carrying  away  the  vapour  more  quickly,  the  latter  being  done 
much  better  by  top  fire,  where  there  is  also  no  danger  of  splash- 
ing. It  is  well  known  that  lead  pans  would  not  very  long  stand  a 
temperature  of  260°  C. 
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GuQetly  (Chem.  News,  xxiv.  p.  106),  who  had  applied  the  same 
principle  independently  of  Stoddart,  only  worked  with  a  small  lead 
box,  18  inches  by  12  inches,  in  which  he  obtained  from  brown 
vitriol  (sp.  gr.  1*745)  5  gallons  of  vitriol  of  sp.  gr.  1*83  by  keeping 
the  temperature  at  205°  C.  for  one  hour,  and  forcing  16^  cubic  feet 
(roughly  measured)  of  air  through  the  liquid.  There  was  a  loss 
of  11*19  per  cent,  of  acid  in  this  process,  as  against  8*8  per  cent, 
when  usiug  glass  retorts.  He  believes  this  acid  to  be  recoverable 
by  passing  the  air  into  the  chambers,  forgetting  the  harm  which 
such  a  large  quantity  of  air  would  do  there.  He  states  very  can- 
didly that  a  Glasgow  manufacturer  tried  his  plan  without  getting  it 
to  succeed ;  but  (very  naturally)  he  retains  his  belief  in  the  efficacy 
of  his  plan  all  the  same. 

Seckendorff  (Wagner's  Jahresb.  1855,  p.  56)  proposed  to  concen- 
trate the  vitriol  in  flat-bottomed  iron  retorts  completely  surrounded 
by  fire.  The  retorts  are  to  be  filled  with  lead  sulphate,  sand,  or 
gypsum ;  chamber-acid  is  to  be  run  in  till  a  paste  is  formed ;  and 
the  retorts  are  then  to  be  heated.  The  watery  vapour  first  appearing 
is  conducted  into  the  chambers ;  the  concentrated  vitriol  coming 
after  this  is  to  be  collected  in  glass  or  stoneware  vessels,  and  is 
said  to  be  very  pure,  free  from  iron,  and  as  concentrated  as  that 
from  platinum ;  nor  is  the  iron  retort  said  to  be  acted  upon  very 
strongly.     Probably  this  plan  has  never  been  actually  tried  at  all. 

The  concentrating-method  of  De  Hemptinue  forms  a  part  of  a 
peculiar  complete  arrangement  for  manufacturing  sulphuric  acid, 
which  will  now  be  described  connectedly,  from  the  report  and  the 
comments  of  Bode  (Dingler's  Joum.  ccxvii.  p.  300).  The  author's 
own  criticisms  will,  as  usual,  be  put  within  brackets,  [].  The 
chemical  process  in  this  case  is  identical  with  the  general  one; 
the  principal  point  is  the  diminution  of  chamber-space,  on  the 
same  lines  as  Verstraet  and  Ward  (see  pp.  283,  284)  had  previ- 
ously but  unsuccessfully  attempted  it. 

Figs.  246  and  247  represent  the  apparatus  proposed  by  Hemp- 
tinne.  The  sulphurous  acid  is  generated  in  the  furnaces  A  by 
burning  pyrites.  The  burners  are  arranged  in  a  circle,  in  order 
to  save  brickwork,  to  lessen  the  radiation  of  heat,  and  to  cause 
equal  draught  for  every  compartment.  The  spaces  B  are  covered 
with  metal  plates,  and  serve  as  dust-chambers.  The  gas  ascends 
in  the  brick  stack  D,  travels  through  the  large  horizontal  flue  C, 
and  enters  the  first  lead  chamber  F.     The  cover  of  the  flue  C  is 
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formed  of  corrugated  sheet  lead,  and  can  be  cooled  by  water.  The 
heat  of  the  burners  is  utilized  for  concentrating  vitriol — but  in- 
directly, as  the  direct  use  of  it  in  the  Glover  tower  is  said  by 
Hemptinne  [who  evidently  has  had  no  practical  experience  of  it] 
to  have  certain  drawbacks.  For  this  purpose  the  brick  stack  D  is 
covered  with  a  leaded  metal  plate  carrying  a  lead  pan  E,  from  the 
bottom  of  which  100  lead  tubes  of  3  feet  3  inches  length  and 
4  inches  bore  hang  loosely  down  within  the  stack ;  they  are  closed 
below,  but  open  at  the  top,  and  burnt  to  the  bottom  of  the  pan. 
Each  of  them  contains  a  narrower  lead  tube  (similar  to  the  tubes 
in  Field^s  steam-boilers),  whose  open  lower  end  supplies  cooler 
acid  at  a  distance  of  4  inches  from  the  bottom  of  the  wider  pipe. 
The  energetic  movement  of  the  liquid  is  supposed  to  prevent  the 
deposition  of  impurities  within  the  pipes.  The  whole  set  of  pipes 
has  a  heating-surface  of  about  1300  square  feet.  In  order  to  faci- 
litate the  circulation  of  acid,  the  narrow  tubes  are  burnt  to  a 
special  sheet  of  lead  with  turned -up  edges,  resting  on  acid-proof 
bricks,  with  which  the  bottom  of  the  pan  E  is  covered.  Fig.  248 
shows  this  more  plainly.  Evidently  there  may  easily  be  rents  at 
the  innumerable  joints,  which,  as  Hemptinne  says,  do  not  matter, 
because  the  tube  in  question  can  be  dispensed  with  by  plugging 
up  the  opening.  But  Bode  justly  points  out  that  in  the  hot  acid 
no  plugs  but  badly-fitting  ones  of  lead  or  stoneware  can  be  used^ 


propOMu-  tiu*  pa.'.  E  vt  erjaeryi  irx  tfie  pxrpcse  ct  iiHiimriii  the 

a«/:  .r.v^  L  f r-.Gi  tju*  irv:  lead  cnajn'v^r,  F.  tLr:*izii  G :  H  - 
tkift  jraw  W,*£  :.'.*'>  tiut  cr. am "Vst  ;  ami  a.  *ttazi--et  32  i*  en: 
txr^jtf^  itjf:  i»p.nZijr/Ci,  o^  «ilscTro>3a  acii  i»j  the  r.ar  aini  r:*  retam 
ftk>r«z  '•"."5^  tfc^  ^Tj^Liifi  L,izrft^^pA,  Tbe  •Til^c:ir:rii»  ami  L*  pre- 
fcrah'T  tttk/:ii  from  ih*  ciukcif>»r^  in  oricT  to  a.Toai  fiiae-diiit. 
'Mr/^t  /;^TtA*r..T  n:«Tt  fJip^nicial  crAitact  wtzL  wzl^hzrom  acid 
will  A^/  rt^ilrrax^i  tbi  Gar-LiiMa^  a«d  anT  th'r.g  like  s:::±ciciitlT.'^ 

Tli^  ^,Lacr/rjer-acui.  mixed  witL  cLe  iLiuroos  Titriol  of  the  Gar- 
hnkvui  ifj'wfrr  K,  1%  irjrrjkd  tkrooj^L  the  mjector  O  and  the  tube  O^ 
iikUf  iikf:  T^i^f^^i  N ;  the  feeding  of  E  takes  place  continaofaslT  br 
tb4;  tribe  X^  farLuLed  with  a  ftopcock,  it*  cxrnsents  mniiiiLg  off 
bjr  the  oi^erfiow'pipe  L.  The  worm  M  serrea  for  cooling  the  add, 
wh'u:h  again  %errei  for  the  Gaj-Ltmsac  tower.  In  case  of  need  the 
conc^itration  in  farther  adianced  in  the  pans  I  and  J ;  it  cannot 
be  rrarried  in  the  tube-apparatus  beyond  l-^,  [^Hus  vili  be  easilr 
^Mtlif^frti,  ftlnce  eren  a  plain  pan  fnffen  far  too  moch  at  that 
ntmjk^h,  let  alone  one  with  100  joints  T  The  acid  is  therefore 
fr/rcrrd  npwards  onlj  once,  against  twrice  for  a  Glorer  tower  [bat 
nothing  like  so  high  in  the  latter  one  T. 

Tlie  Ir^ad  chambers  ¥,  which  **  qaicklv  "  conTcrt  the  salpharoas 
acid  into  sulphuric  acid,  are  of  sheet  lead  one  fifth  of  an  inch  thick 
[tliat  is^  nearl J  twice  the  thickness  of  that  of  the  asoal  chambers] 
and  filled  with  5200  jars  of  acid-proof  ware,  prorided  with  round 
holr^  rif  I  inch  diameter.  The  nitric  acid  is  supplied  from  a  glass 
▼essel  T  by  a  cock  and  a  Welter's  funnel.  The  ressel  T  is  con- 
ni:f^AvA  with  several  similar  ones  by  glass  siphons.  The  5200  jars 
stand  on  a  pavement  of  acid-proof  bricks,  to  avoid  damaging  the 
k;ad,  and  present  a  condensing-suriace  of  84,000  superficial  feet. 
[Tliesc  jars  will  form  a  structure  of  very  little  stability,  and  will 
d^rtainly  not  only  press  upon  the  chamber-bottom,  but  very  heavily 
against  the  sides,  which  must  give  way  directly  whenever  the  jars 
loose  their  hold.] 

From  the  vessel  N  and  the  pipe  N*  sulphuric  acid  is  continually 
run  in  and  spread  periodically  over  the  jars  by  the  oscillating 
troughs  iS  and  the  glass  reaction-wheels  B.  Excepting  the  steam- 
jet  K*  between  the  Gay-Lussae  tower  and  the  chinmey,  Hemptinne 
assorts^  no  other  steam-jets  are  applied,  because  they  partly  destroy 
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the  nitre-gaj9 — ^forgetting  that  he  had  expressly  indicated  a  steam- 
jet  in  the  pipe  H,  and  drawn  two  others  between  the  first  and 
second^  and  between  the  second  and  third  chambers  I  And  in  H 
the  nitre-gas  is  exposed  to  the  "  destructive  '^  action  of  the  steam 
much  more  than  in  the  chambers  !  [The  inventor  starts  from  the 
view,  long  exploded,  that  the  formation  of  vitriol  in  the  chambers 
is  a  process  of  "  condensation/'  analogous  to  the  distillation  of 
liquids,  requiring  a  large  surface,  and  that  the  principal  action  of 
the  chamber-steam  consists  in  forming  "  condensing-molecules,'' 
which  are  much  better  replaced  by  the  jars,  each  of  which  is  a 
"  working  cell  *'  for  producing  vitriol  I  Practice  has  long  since 
proved  that  the  acid-forming  reactions  take  place  in  the  homoge- 
neous mixture  of  gases  contained  in  lead  chambers,  without  the 
intervention  of  surfaces.] 

The  acid  taken  from  the  bottom  of  the  first  chamber  by  the  pipe 
O*  is  forced  by  the  injector  O  into  the  vessel  N.  The  injector 
consists  of  an  alloy  of  lead  with  a  platinum  nozzle  of  such  bore 
that  the  chamber-acid  is  diluted  to  a  suitable  degree.  The  steam 
condensed  in  the  injector  thus  takes  the  place  of  the  ordinary  direct 
chamber-steam.  A  side  branch  O^,  ending  in  the  chamber,  aspi- 
rates SO2  from  it,  the  denitration  thus  beginning  already  in  the 
delivery-pipe  0\  This  mixture  thus  gets  into  the  vessel  N,  which 
is  covered  and  lined  inside  with  acid-proof  bricks,  basalt,  or  glass. 
The  gas  passes  back  into  the  chamber  by  Q.  N^  is  a  glass  float 
within  a  bell  jar,  indicating  the  level  of  acid  in  N. 

The  concentration  of  the  vitriol  up  to  170°  Tw.  is  to  be  eflected 
by  superheated  steam  introduced  into  the  tower  U  after  having 
passed  a  box  U*  filled  with  asbestos.  The  tower  is  cylindrical, 
made  of  hard-burnt  bricks  ('' clinkers ''),  and  contains  a  stack  of 
504  small  boxes  of  pottery,  over  which  the  acid  trickles  down. 
The  cover  of  the  tower  is  formed  by  a  cylindrical  lead  pan  V  with 
arched  bottom,  cooled  by  acid  from  N  ;  the  acid  runs  over  into 
the  pan  I.  Below  this  lead  pan  a  gutter  collects  the  condensed 
weak  acid  and  carries  it  away  through  the  overflow  V*  to  the  out- 
side. The  hollow  little  boxes  forming  the  stack  are  made  of  acid- 
proof  English  stoneware,  6  inches  square,  with  six  holes  of  2^  inches 
diameter ;  they  must  form  perfect  cubes  to  make  the  stack  stable. 
The  acid  coming  from  the  pans  I  and  J  by  the  oscillating  trough 
W,  being  first  filtered,  is  divided  into  a  spray  either  by  a  small 
reaction-wheel  or  a  platinum  rose,  and  runs  over  the  pottery-boxes. 
The  superheated  steam  is  generated  in  the  cast-iron  vessel  X  filled 
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with  scrap  copper  and  heated  by  the  fire  of  the  steam-boiler  P  or 
separately.  At  the  bottom  of  the  stack  the  concentrated  acid 
collects  in  a  lead  pan  with  double  walls,  the  space  between  which 
is  filled  with  iron  balls,  water  continually  circulating  between  them 
and  cooling  the  pan.  The  concentrated  acid  is  taken  to  a  collecting- 
tank  Y  by  a  lead  pipe  surrounded  by  a  copper  jacket  and  cooled  by 
water.  The  steam  left  behind  in  U  passes  under  the  lead  pan  I, 
and  causes  here  the  concentration  of  the  acid  up  to  144°  Tw.  The 
acid  vapours  not  yet  precipitated  at  the  bottom  of  V  pass  through 
a  layer  of  scrap  iron  heaped  up  on  a  grate  and  from  time  to  time 
sprinkled  with  water ;  the  resulting  copperas-liquor  collects  in  the 
pan  Z ;  the  remaining  vapours  and  gases  pass  through  an  under- 
ground flue  into  a  chimney. 

Hemptinne  claims  the  following  points  as  his  improvements  in 
acid-making: — (1)  Concentration  in  Field's  tubes  by  the  waste 
heat  of  the  pyrites-burners,  along  with  denitrating  the  chamber- 
acid  and  the  nitrous  vitriol  without  contaminating  it  by  flue-dust. 
Bode  shows  that  Hemptinne  has  misunderstood  Field's  principle, 
that  there  will  be  little  circulation  of  acid,  and  hardly  efficient 
denitration.  [We  may  safely  call  the  apparatus  utterly  inefficient 
for  denitration  and  of  impossible  construction  for  practical  work.] 
(2)  "The  first  practical  employment  of  the  principle  that  the  for- 
mation of  sulphuric  acid  is  much  more  a  question  of  surface  than 
of  space.'*  His  chambers  with  jars  of  84,000  superficial  feet  are 
said  to  cost  20,000  francs,  whilst  the  same  surface  of  7  lb.  lead, 
which  is  used  up  after  twelve  years,  costs  about  175,000  francs. 
It  has  been  mentioned  above,  and  has  been  proved  again  and  again, 
that  the  "principle  of  condensation,*'  which  is  any  thing  but  new,  is 
altogether  wrong ;  and  the  chamber-lead  is  certainly  in  great  part 
recovered  at  the  end  of  the  twelve  years.  (3)  "  Doing  away  with 
steam."  It  has  been  shown  how  strikingly  Hemptinne  contradicts 
himself  in  that  matter.  (4)  "  Quieker  work  "  falls  to  the  ground 
with  point  2.  (5)  "  Employment  of  an  injector  for  pumping, 
heating,  and  denitrating  vitriol."  [How  long  will  such  an  injector 
last  ?]  (6)  "Concentration  by  superheated  steam" — but  in  an 
almost  inaccessible  apparatus,  easily  damaged,  probably  with 
greater  cost  than  by  direct  firing,  and  causing  a  stoppage  of  the 
chambers  when  it  has  to  be  repaired. 

Thus  De  Hemptinne's  process,  in  spite  of  being  patented  in 
several  countries,  does  not  bear  the  stamp  of  practical  appli- 
cability. 
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Another  eoncetitratiiig-system  of  De  Hemptinne's,  published  by 
him  ia  1872  (Dingler's  Joura.  ccv.  p.  419), cannot,  like  the  method 
just  described,  at  once  be  called  impracticable ;  but,  for  all  that, 
it  has  not,  in  the  long  run,  been  a  success.  It  starts  from 
Kuhlmann's  results  of  experiments  made  in  1844,  according  to 
which  (1)  sulphuric  acid  of  170^  Tw.  at  a  mercurial  pressure  of 
only  IJ  to  1^  inch  boils  already  at  190°  to  195°  C,  and  (2)  sul- 
phuric  acid  does  not  sensibly  [?]  act  on  lead  at  temperatures  not 
exceeding  200°  to  205°.  [Kuhlmann's  results  have  been  refuted 
by  those  of  Hasenclevcr  and  Bauer,  p.  41,  both  proving  that  lead  is 
acted  upon  far  below  200°  C]  Hemptinne  therefore  endeavoured 
to  avoid  the  last  concentration  of  vitriol  in  costly  platinum  or 
fragile  glass  by  employing  a  vacuum — a  plan  already  proposed  in  a 
much  less  complicated  form  by  Keller  thirteen  years  pre^-iously 
(Wagncr^s  Jahresb.  1859,  p.  139).  The  concentration  of  the 
vitriol  up  to  170"  Tw.  takes  place  in  the  small  vacuum-boiler  A 
(fig.  249)  made  of  lead,  filled  with  boulders  or  balls  made  of  pot- 
tery or  glass  of  1^  to  li  inch  diameter,  in  order  to  resist  the  inward 
pressure  of  the  atmosphere.  The  partial  vacuum  is  produced  by 
the  condensation  of  steam  in  an  iron  boiler,  lined  with  wooden 
staves  inside  so  as  to  avoid  unnecessary  heating  of  the  iron.  The 
steam,  entering  through  Q,  soon  drives  out  the  air  through  R. 
A  spray  of  water  injected  by  S  at  once  causes  a  vacuum  of  27^  to 
28  inches,  as  shown  by  the  barometer  U.  The  first  condensation 
is  effected  by  the  water  in  the  copper  ball  S,  the  second  one  by 
water  from  the  tank  S4,  aspirated  from  the  filter  Sg ;  the  last  con- 
densation is  caused  by  the  water  aspirated  from  a  tank  S3  or  a 
moderately  deep  well  and  filtered.  When  the  vacuum  is  as  nearly 
perfect  as  possible,  the  cock  V  is  opened  and  the  air  is  removed 
from  all  parts  of  the  apparatus.  Now  the  fire  is  lighted  under  the 
pan,  the  acid  vapours  escape  through  the  two  domes  B  and  the 
pipe  E  lying  in  a  small  cooler,  and  they  condense  in  the  worm  G ; 
the  water  of  condensation  collects  in  H.  The  concentration  of 
the  acid  is  known  to  be  finished  when  the  two  thermometers  C, 
fixed  at  opposite  ends  of  the  apparatus,  show  200°  to  205°  C,  and 
when  the  small  float  B  no  longer  exhibits  a  '^dancing^^  movement. 
Now  the  cock  Z  is  opened ;  air  enters  the  apparatus ;  and  the  strong 
acid  is  withdrawn,  within  4  inches  of  the  bottom  of  the  pan,  by  a 
siphon  M,  dipping  into  the  well  of  20  feet  depth,  and  thus  forming 
a  barometrical  lute.  Already  before  this  the  fire  has  been  drawn 
out ;  and  during  the  drawing-o£F  of  the  acid  a  fine  spray  of  water  is 
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squirted  into  the  fire-place,  to  prevent  overheating  the  lead.  The 
hot  acid  is  first  cooled  in  the  apparatus  N  and  then  in  O,  and  is  then 
passed  through  the  filter  O3,  consisting  of  perforated  lead  cylinders 
filled  with  asbestos,  quartz,  sand,  or  pounded  glass,  in  order  to  retain 
the  lead  sulphate  which  it  holds  in  suspension.  Or  large  settling- 
tanks  may  be  used,  in  which  the  acid,  protected  from  the  air,  be- 
comes clear  in  three  or  four  days.  In  the  meantime  the  apparatus 
has  been  emptied  again,  and  has  been  refilled  with  acid  from  the 
tank  L  by  means  of  the  stoneware  pipe  and  tap  K.  The  tank  L 
serves  for  a  preliminary  heating  by  means  of  six  lead  heating-pipes 
of  5 -inch  bore,  which  are  not  shown  in  the  diagram. 

Hemptinne  has  also  made  a  calculation  of  the  saving  in  the  cost 
of  concentration  effected  by  his  plan,  which  he  estimates  at  44  per 
cent.  To  be  sure  in  this  case  the  erroneous  assumptions,  which  so 
often  make  inventors'  calculations  wortldcss,  are  unusually  gross, 
and  cannot  deceive  any  body  who  knows  any  thing  about  the  matter. 
The  calculation  refers  to  the  annual  concentration  of  20,000  car- 
boys of  2  cwt.  each,  =2000  tons. 

a.  Concentration  in  platinum. 

Loss  of  platinum  4  kgr.  at  900  frs • 3600 

5  per  cent,  interest  of  90,000  frs.  for  platinum  (!)...  4500 

Repairs    « 500 

440  tons  of  coal  at  20  frs 8800 


17400 
b.  Concentration  in  a  vacuum, 

frs. 

5  per  cent,   interest  on  5   apparatus,  costing!  g-g 

3500  frs.  each  (only!)  =17,500  frs j 

Wear  and  tear  and  repairs    3000 

280  tons  of  coal  at  20  frs 5600 

9475 

But  it  is  not  explained  why  the  enormously  exaggerated  sum  of 
90,000  frs.  (=£3600)  is  assumed  for  a  platinum  apparatus  at 
2000  tons  annual  output,  and  the  ridiculously  small  sum  of 
3500  frs.  (  =  £140)  for  one  of  his  complicated  apparatus,  nor  why 
so  much  more  coal  should  be  used  for  boiling  down  in  a  thin  pla- 
tinum boiler,  than  in  a  thick  lead  boiler,  together  with  those 

required  for  producing  the  vacuum  &c. 

2l2 
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The  best  proof  that  Hemptinne^s  apparatus  has  not  been  very 
successful  is,  that  he  describes  a  new  one  (^  Bulletin  du  Musee  de 
FIndustrie  de  Belgique/  Sept.  1877,  p.  121 ;  abstracted  by  Bode, 
with  a  diagram,  in  '  Dingler^s  Journal,^  ccxxvii.  p.  74),  in  which  he 
returns  to  platinum,  viz.  an  open  pan  with  a  cover  made  of  pipes 
and  plates  of  toughened  glass,  filled  with  asbestos,  platinum  wires, 
air-courses,  &c.  In  regard  to  it  we  must  refer  the  reader  to 
the  original. 

The  last  Concentration  of  Sulphuric  Acid, 
We  have  seen  that  we  cannot  carry  on  the  concentration  in  lead 
pans  beyond  1 14°  or,  at  the  outside,  152"  Tw,,  the  latter  not  with- 
out a  somewhat  strong  action  upon  the  lead.  In  the  Glover  tower 
it  is  possible  to  go  rather  further,  as  its  lead  is  protected  by  the 
lining  so  as  to  be  acted  upon  very  slightly  :  the  acid  does  not  come 
into  contact  with  the  lead,  but  only  with  the  flints,  bits  of  pottery, 
coke,  &c.,  and  arrives  at  the  bottom  with  a  temperature  of  about 
130°  C. ;  so  that  even  the  bottom  of  the  tower,  which  is  made  very 
strong,  is  not  sensibly  acted  upon.  In  fact  those  manufacturers 
(being  the  majority)  who  work  the  Glover  tower  with  hot  gas  from 
rich  ores,  and  get  their  chamber-acid  up  to  120^-124°  Tw.,  regu- 
larly attain  a  concentration  of  152°  Tw. ;  and  in  some  cases  even 
156°  or  160°  is  reached.  The  latter  is  the  exception,  and  perhaps 
already  somewhat  dangerous  to  the  tower ;  if,  however,  it  is  not  so, 
this  concentration  by  hot  kiln-gas  in  the  Glover  tower  (probably 
modified  to  some  extent)  seems  to  be  the  cheapest  and  safest  plan 
for  the  last  concentration  of  the  vitriol,  because  in  it  the  escaping 
gas  goes  into  the  chambers  and  is  not  lost  at  all. 

Concentration  beyond  the  point  attainable  in  lead  pans  or  in  the 
Glover  tower  is  a  much  more  difficult  task,  involving  incomparably 
more  expense  than  the  first  concentration.  Since  the  attempts  to 
concentrate  the  vitriol  up  to  170°Tw.  by  means  of  cooled  lead  pans 
with  top-heat  (Clough),  or  by  a  vacuum  (Keller,  De  Hemptinne), 
or  in  iron  retorts  (SeckendorflT),  or  in  towers  filled  with  pebbles  and 
heated  directly  by  heating-gas  (Gossage) ,  and  others  have  not  been 
successful,  recourse  must  still  be  had  to  apparatus  made  of  glass  or 
platinum,  of  which  the  former  have  the  drawback  of  very  restricted 
size  and  great  liability  to  breaking,  the  latter  that  of  being  very 
costly  without  being  proportionately  durable.  The  circumstances 
make  their  application  both  expensive  and  troublesome. 

By  far  the  largest  quantity  of  vitriol  is  used  of  certainly  no  higher 
strength  than  is  attainable  in  lead^  mostly  even  rather  weaker.     For 
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making  sulphate  of  soda — that  is,  ultimately  soda  ash — the  acid  is 
never  taken  stronger  than  144°  Tw.,  generally  only  140°  Tw.  The 
English  manufacturers  as  a  rule  dilute  their  Glover-tower  acid  down 
to  this  point  with  chamber-acid ;  or  they  only  make  as  much  acid  of 
152°  in  the  Glover  tower  as  is  required  for  working  it,  and  they  keep 
the  remaining  acid  weaker  by  running  more  cliamber-acid  through  it. 
For  superphosphate  the  acid  is  mostly  employed  even  in  a  weaker 
state ;  and  this,  along  with  the  sulphate  of  soda,  swallows  up  most 
of  the  total  quantity  of  vitriol  made.  In  the  great  majority  of  cases, 
to  be  sure,  sulphate-of-soda  and  superphosphate  works  make  their 
own  sulphuric  acid,  and,  of  course,  do  not  concentrate  it  beyond 
their  own  requirements. 

Touching  the  acid  made  for  sale,  however,  a  circumstance  has  to 
be  considered  here  which  in  many  cases  induces  the  manufacturer 
to  incur  the  great  expense  and  trouble  of  concentrating  the  vitriol 
as  highly  as  possible,  even  in  cases  where  the  consumer,  not  re- 
quiring it  of  such  strength,  must  himself  dilute  before  using  it. 
This  is  the  greater  expense  of  package  and  transit  for  the  same 
weight  of  real  acid  in  the  dilute  as  compared  with  the  concentrated 
state.  Apart  from  those  cases  in  which  completely  concentrated 
vitriol  is  asked  for  on  account  of  the  smaller  cost  of  package  and 
of  transit,  or  from  old  habit  and  ignorance,  there  are  many  cases 
in  which  the  consumer  is  really  obliged  to  employ  an  acid  of  the 
highest  possible  strength  : — for  instance,  the  purification  of  rape- 
oil  ;  that  of  benzole,  paraflSn,  and  other  mineral  oils ;  the  refining 
of  gold  and  silver ;  the  production  of  nitro-cellulose,  nitro-glycerine, 
nitro- benzene,  and  other  nitro-compoimds ;  that  of  the  sulpho-acids 
of  benzene  and  anthraquinone  for  the  manufacture  of  resorcine  and 
alizarine ;  for  dissolving  indigo,  and  many  other  purposes.  In  many 
cases  an  acid  containing  from  93  to  94  per  cent,  of  SOiH^will  do; 
and  often  that  which  is  sold  as  acid  of  170°  Tw.  does  not  contain 
any  more,  and  really  ought  to  show  only  lG6°Tw.  (=1*83  sp.  gr.). 
For  making  nitro-compounds  especially,  however,  an  acid  of  greater 
strength  is  required,  containing  97  or  98  per  cent,  of  SO4H2 ;  and 
this  cannot  show  more  than  1*840  sp.  gr.  at  0°,  or  108°  by  a  really 
true  hydrometer;  but  the  ordinary  Twaddle's  hydrometers  mark 
the  point  of  1'83  specific  gravity  by  170°,  instead  of  166°.  We 
shall  see  below  how  the  stronger  acid  just  mentioned  can  be  ob- 
tained. Sometimes  an  ^^extra-concentrated''  acid  is  asked  for, 
equal  to  that  obtained  by  distillation,  and  possessing  1*842  specific 
gravity.   Even  this  is  not  the  pure  hydrate,  SO^Hj,  but  contains  1^ 
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or  1 J  per  cent,  of  water.  It  is  better  not  made  directly  on  the  large 
Bcalc^  because  the  apparatus  would  suffer  too  much  (see  below),  but 
by  mixing  ordinary  strong  acid  with  a  little  fuming  (Xordhausen) 
oil  of  vitriol.  Certainly  such  acid  of  99^  to  99  J  per  cent.  SO4H2 
has  been  made  on  a  very  large  scale  in  platinum  boilers  (sec  below) 
by  Schcurcr-Kcstner.  These  strongest  acids  are  mostly  required 
for  dissolving  indigo,  and  for  making  the  organic  sulpho-acids. 

It  has  already  been  mentioned  that  cither  fflass  or  platinum  vessels 
are  used  for  the  last  concentration  of  sulphuric  acid.  Which  of 
these  two  materials  is  to  be  preferred  to  the  other  has  been  a  matter 
in  dispute  for  a  long  time ;  nor  is  it  settled  now,  both  systems  being 
largely  employed.  Formerly,  before  the  platinum  industry  was 
developed,  t/lass  retorts  were  the  only  available  apparatus,  and  those 
could  only  be  had  of  comparatively  small  size  and  bad  quality. 
They  were  also  mostly  set  in  '^galley  furnaces/'  a  double  long  row  of 
retorts  being  heated  by  a  fireplace  at  one  end ;  thus  the  retorts  near 
the  fire  were,  of  course,  much  more  heated  than  the  distant  ones,  and 
were  much  sooner  finished,  or  even  overheated  before  the  distant 
retorts  had  })cen  sufficiently  fired.  Each  retort  was  either  put  into 
a  metal  pot,  with  some  sand  between,  or  protected  from  the  direct 
flame  by  a  covering  of  clay  and  horse-dung.  Both  owing  to  the 
inferior  quality  of  the  retorts  and  the  unsuitable  setting,  there  was 
always  much  breakage,  combined  not  only  with  the  loss  of  acid, 
but  also  with  the  sudden  evolution  of  suffocating  vapours.  The 
cracking  of  the  retorts  was  especially  induced  by  a  cold  draught  get- 
ting at  them ;  and  since  in  that  case  the  workmen  had  to  save  them- 
selves instantly  from  the  vapours  by  leaving  the  room,  frequently 
the  cracking  extended  to  all  the  retorts.  Besides,  the  expenditure 
of  time,  wages,  and  fuel  in  this  process  was  very  great. 

There  was  always,  therefore,  an  inducement  to  discover  some 
other  material  than  glass;  and  the  only  practicable  metal,  j^/a/i/mm^ 
was  at  once  applied,  in  spite  of  its  high  price  and  difficult  manage- 
ment, as  soon  as  Wollaston's  process  of  welding  spongy  platinum 
into  ingots  and  plates  was  made  known.  The  first  still  appears  to 
have  been  made  in  1809  at  London ;  it  weighed  423  ounces  (^  Chem. 
News,'  xxxviii.  p.  43).  At  that  time  platinum  stills,  weighing 
from  66  lb.  to  a  cwt.,  were  made,  holding  4  to  6  tons  of  vitriol,  and 
costing  from  40,000  to  50,000  frs.  (£1600  to  £2000).  This  large 
sum  did  not  deter  manufacturers  from  using  platinum  for  the  last 
concentration  of  vitriol,  because  they  convinced  themselves  at  once 
of  the  large  amount^  facility^  and  safety  of  the  work  of  concentration 
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tliat  could  be  carried  on  in  them^  and  because  they  thouglit  they 
could  reckon  upon  such  apparatus  lasting  almost  for  ever. 

The  platinum  vessels  made  by  WoUaston's  process  were,  to  be 
sure,  often  porous  and  unsound,  so  that  vitriol  oozed  through ;  be- 
sides, blisters  and  rents  frequently  appeared  in  them,  which  had  to 
be  soldered  up  with  gold.  The  platinum  stills  themselves,  there- 
fore, gave  much  dissatisfaction.  This,  however,  has  been  much 
diminished  since  Ste.-Claire  Deville  taught  the  melting  of  platinum 
in  large  masses  by  an  oxygen-gas  blowpipe  in  furnaces  made  of 
quicklime,  casting  perfectly  sound  ingots  of  it  weighing  2  cwt., 
and,  further,  to  solder  the  joints  with  platinum  itself  instead  of  gold, 
analogous  to  the  burning  of  the  lead  chambers.  In  London  this 
process  was  first  applied  in  1860.  Since  then  the  stills  have  been 
much  more  durable  and  at  the  same  time  cheaper,  although  the 
monopoly  of  the  raw  material  by  the  Russian  Government,  and  the 
unavoidable  concentration  of  the  platinum-iudustry  in  very  few 
hands,  still  tend  to  keep  the  price  of  platinum  apparatus  at  a  very 
high  figure. 

When,  however,  attention  was  drawn  to  the  fact  that  platinum 
itself  is  gradually  acted  upon  by  sulphuric  acid  (see  below),  and 
that  thus  the  large  capital  expended  on  the  stills  not  only  involved 
heavy  permanent  charges  for  interest,  but  would  have  to  be  gradually 
written  off  altogether,  and  when,  on  the  other  hand,  great  improve- 
ments were  effected  in  the  manufacture  and  treatment  of  glass  re- 
torts, the  latter  came  to  the  fore  again,  and  began  to  drive  platinum 
vessels  out  of  the  field,  more  especially  in  England.  In  1862  Hof-*" 
mann  mentioned,  in  the  '  Report  of  the  Jury,'  that  in  Lancashire 
the  use  of  platinum  retorts  had  almost  ceased ;  at  that  time  about 
■^^  of  all  the  vitriol  in  England  was  concentrated  in  glass.  In  France 
and  Belgium  glass  retorts  existed  along  with  platinum ;  but  the 
latter  held  a  wider  ground  j  and  in  Germany  it  was  almost  exclu- 
sively used.  In  1868,  the  'OflBcial  Report  of  the  International 
Jury,^  vii.  p.  34,  states  that  concentration  in  glass  was  then  very 
rare  (in  France) . 

In  order  to  meet  the  competition  of  glass,  the  platinum-works 
made  efforts  to  construct  the  stills  more  durable  and  more  cheaply ; 
and  they  have  indeed  recovered  a  portion  of  the  field  previously 
lost.  Very  recently  they  have  been  urged  on  to  renewed  efforts  in 
this  line  by  the  combination  of  platinum  and  lead  employed  by 
Faure  and  Kessler. 

At  this  moment  the  matter  stands  thus : — Both  glass  retorts  and 
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platinuin  stills  are  in  ose,  some  of  the  latter  made  accoTding  to  the 
old  and  others  according  to  the  new  system.  The  glass  retorts  are 
mostly  used  for  the  rather  less  concentrated  acid,  containing  91  to 
92  per  cent.,  the  platinum  stills  for  the  more  concentrated  acid,  93 
to  91  per  cent. ;  in  a  few  cases  hoth  are  employed  at  the  same 
works  for  these  different  objects.  The  glass  retorts,  however,  are 
almost  entirely  confined  to  England,  and  in  Lancashire  arc  almost 
exclusively  used;  on  the  Continent,  platinum  vessels  are  used  nearly 
everywhere  hut  in  a  few  places  exceptionally  well  situatL'd  for  obtain- 
ing glass  retorts — for  instance,  Montpcllier,  where,  according  to 
Payen,  a  retort  of  18  gallons  capacity  only  costs  16frauc,  whilst  at 
Paris  and  most  other  industrial  centres  the  price  is  6  francs.  Since 
such  a  retort  holds  a  little  over  1^  cwt.  of  strong  vitriol,  and 
on  an  average  can  be  used  five  times,  furnishing  altogether  8  cwt. 
of  vitriol,  the  retorts  for  1  ton  of  acid  at  Montpcllier  cost  6  francs, 
at  Paris  &c.  15  francs. 

Concentration  in  Glana  Relorts. 
The  former  shape  and  setting  of  these  have  been  mentioned 
above ;  here  we  only  treat  of  the  kind  now  in  use,  which  has  almost 
entirely  superseded  the  older.  We  will  only  remark  that  the  old  re- 
torts could  hardly  be  made  larger  than  so  as  to  furnish  1^  cwt.  at 
each  operation,  and  that  they  were  made  from  glass  poor  in  alkali, 
which  LH  less  acted  upon  by  vitriol  than  that  rich  in  alkali.  The 
weak  acid  distilling  during  the  operation  is  collected  in  carlmys, 
into  which  the  necks  of  the  retorts  project.  As  soon  as  the  acid 
blackens  wood  when  dropped  on  it,  the  concentration  is  considered 
1-V  -50. 
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complete^  the  furnace  is  allowed  to  cool  down^  and  the  acid  poured 
into  the  storage-vessels. 

The  shape  of  glass  vessels  now  in  use  was  introduced  by  Chance 
Brothers,  of  Oldbury,  near  Birmingham,  who  make  them  at  their 
glass-works  at  Smethwick ;  it  is  represented  in  fig.  250.  A  is  a 
small  fire-door,  B  the  grate,  C  a  metal  pot  serving  as  a  sand-bath, 
D  the  retort  itself,  entirely  surrounded  by  sand  up  to  the  level 
reached  by  the  acid  at  the  end  of  the  operation,  and  not  merely 
resting  on  sand  at  the  bottom,  as  shown  in  some  diagrams.  The 
retort  consists  of  two  separate  parts,  viz.  the  bottle-shaped  part  D, 
which  ends  at  the  top  in  the  neck  a,  and  the  head  E.  The  latter 
looks  exactly  like  an  ordinary  small  laboratory-retort  with  its 
bottom  cut  off;  it  is  loosely  put  into  the  neck  a ;  and  its  other  end, 
at  by  enters  an  aperture  in  the  wide  lead  pipe  P,  which  runs  all 
along  the  retort-house.  The  retorts  (in  number  from  20  to  50)  are 
placed  in  a  separate  house,  the  temperature  of  which  is  kept  con- 
stantly at  from  25°  to  30°  C,  it  being  provided  with  tight-fitting 
windows  and  double  doors  j  only  one  door  opened  at  a  time,  the 
other  being  shut,  so  that  no  draught  (the  chief  cause  of  the  bottles 
cracking)  can  enter. 

In  the  pipe  P,  which  conveys  the  condensed  acid  to  a  collecting- 
tank,  there  is  always  a  little  suction,  caused  by  the  chimney  &c. ; 
the  joints  at  a  and  b  therefore  need  not  be  luted  by  any  cement; 
for  no  vapours  can  get  out,  only  air  being  able  to  enter.  Thus  the 
head  E  can  be  simply  put  on  and  taken  off  without  the  trouble  and 
mess  of  a  cement. 

The  author  has  seen  retorts  at  work  which  had  a  pretty  long 
crack  in  the  upper  part  of  the  neck ;  such  cracks  must  certainly 
not  reach  down  to  the  level  of  the  acid  in  the  bottle.  The  pot  C, 
which  some  books  recommend  to  do  away  with,  is  mostly  used  in 
practice ;  it  has  the  important  advantage  of  preventing  the  acid 
from  running  into  the  fire  when  a  bottle  breaks.  In  England,  ^'4 
(or  even  8)  retorts"  are  never  "  heated  by  one  furnace,"  as  described 
in  the  ^  Belgian  Official  Report '  of  1854 ;  each  retort  has  its  own 
small  fireplace.  They  are,  for  instance,  about  2  feet  9  inches  in 
height,  1  foot  6  inches  in  diameter,  and  have  a  capacity  of  30  gallons; 
at  each  operation  they  furnish  from  3cwt.  141b.  to  3cwt.  2  qrs.  of 
concentrated  oil  of  vitriol. 

In  a  specially  observed  instance,  each  distillation  lasted  12  hours, 
followed  by  12  hours^  cooling  at  night ;  the  acid  is  then  drawn  off 
by  siphons  of  platinum  or  thin  lead  tubing  with  a  very  narrow  ori- 
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fice,  after  liftiog  off  the  bead  £.  The  siphon  is  filled  with  cold  acid, 
the  narrow  opening  closed  vith  the  finger;  the  siphon  is  then  put 
in  quickly  and  the  finger  at  once  washed  with  water.  Sometimes 
all  along  the  retorts  a  lead  pipe  is  laid  down,  with  openings  for  each 
of  them,  into  which  the  acid  runs  from  the  siphons;  sometimes  the 
acid  is  run  direct  into  the  carboys,  hut  better  first  into  a  lead  cooler. 
Another  lead  pipe  is  laid  above  the  retorts,  to  fill  tliem  with  acid  of 
144°  Tw. ;  the  acid  must  run  in  hot,  almost  of  the  same  tempera- 
ture as  that  still  possessed  by  the  retorts ;  at  all  events  a  small  por- 
tion of  acid  is  left  behind  in  the  retort  on  drawing  off,  so  that  it 
cannot  very  well  crack  in  filling.  Sometimes  a  tank  for  holding 
the  warm  acid  is  placed  at  a  higher  level  than  the  retorts ;  from  this 
a  long,  thin,  lead  pipe  is  led  first  below  the  bottom  of  the  retorta 
and  then  upwards  again,  being  held  in  its  place  by  a  frame. 
Thus,  ordinarily,  no  acid  runs  out ;  but  by  bending  down  the  lead 
tube  each  retort  can  be  filled  in  turn  without  using  any  tap. 

Roscoe  and  Schorlemmer  ('  Lehrbuch  der  Chemie,'  i.  p.  279)  give 
the  foUowiug  diagrams  of  a  kind  of  retort  slightly  deviating  in 
shape,  and  more  so  in  the  setting,  from  that  just  described  (figa. 
251  to  253). 

Fig.  251. 
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A  A  are  boiling-down  paa.i,  B  B  pipes  for  taking  atrav  the  acid, 
d  d  the  a«cending  pipe  which  is  afterwards  bent  down  for  filling  the 
retorts  (as  above) .  The  three  pans  are  sufficient  for  supplving  two 
" recti fjing-liouMes,"  each  having  24  retorts  and  making  daily  5  tons 
of  acid  of  rttl.  The  concentrated  acid  coola  during  the  night. 
It  is  drawn  off  hj  siphons  into  the  cooliug-potd  i  i,  and  Sllcd  from 
them  into  carboys.  The  warm  retorts  are  at  once  filled  up  again 
with  acid  of  1 H'  Tw.  Whenever  a  retort  breaks,  the  acid  nmson 
the  inclined  floor  into  the  gutter  e,  and  thence  through  the  lead 
tube  ff  into  the  cistern  h.  The  retorts  are  blown  of  thin  glass,  as 
erenlf  as  possible,  3  feet  3  inches  high,  and  I  foot  10  inches  in 
diameter.  They  rest  on  a  flat  metal  sand-bath  b,  and  are  protected 
from  direct  contact  with  the  flame  by  the  round  fire-clay  slab/. 
The  glass  head  c  is  put  on  loosely. 

According  to  a  patent  of  Oridley's  (1871),  several  retorts  are 
placed  terrace-wise  in  an  obliquely  ascending  furnace,  and  arc  con- 
nected by  siphons;  so  that  the  top  retort  is  fed  by  fresh  vitriol, 
which,  after  being  concentrated  to  some  extent,  flows  into  the  next 
lower  retort,  and  so  forth.  The  lowest  retort  is  in  the  hottest  part 
of  the  furnace.     This  arrangement,  which  is  carried  out  at  some 
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works,  is  represented  in  fig.  254,  according  to  Roscoe  and  Schor- 
lemmer's  ^  Lehrbuch/  p.  281.  As  soon  as  the  acid  in  B  has  attained 
the  concentration  1*84,  the  retorts  are  connected  by  the  siphons 
///,  and  acid  of  144°  Tw.  is  run  in  through  the  tap  g,  at  a  tem- 
perature of  150°  C. ;  when  it  has  arrived  at  B,  it  possesses  the  ne- 
cessary concentration,  and  runs  off  through  the  cooler  h  into 
the  carboys  t.  Thus  the  concentration  in  glass  retorts  is  ren- 
dered a  continuous  operation,  and  at  the  same  time  much  fiiel  is 
saved. 

In  order  to  prevent  the  cracking  of  the  retorts  by  sudden 
draughts,  Jones  patented,  in  1845,  so-called  "  protectors,"  consist- 
ing of  hoods  of  sheet  iron  or  stoneware,  made  in  two  parts,  quite 
covering  the  neck  of  the  retort.  But  as  this  also  prevents  obser- 
vation of  the  liquid,  they  are  inconvenient ;  and  they  are  quite 
unnecessary  if  the  house  is  arranged  as  described  above — that  is 
to  say,  if  it  is  kept  warm,  and  draughts  are  excluded  by  double 
doors. 

As  to  the  cost  of  concentrating  in  glass,  the  labour  is,  of  course, 
greater  than  in  platinum  stills,  and  it  is  also  of  a  disagreeable  kind. 
The  consumption  of  fuel  is  sometimes  absurdly  stated  to  amount 
to  eight  times  the  consumption  with  platinum  stills;  in  direct 
contrast  is  the  following  statement  by  P.  W.  Ho&nann,  referring 
to  the  cost  of  concentration  at  Dienze,  where  2j|  tons  of  vitriol  are 
daily  made  in  glass  retorts,  viz.  for  1  ton : — 

4  cwt.  of  coals 4    0 

Wages 3     0 

Breakage  of  carboys 10 


8     0 


If  the  precaution  be  taken  of  replacing  all  the  carboys  by  new 
ones  after  the  lapse  of  six  weeks,  whether  they  seem  damaged  or 
not,  there  is  next  to  no  breakage  of  carboys,  and  the  cost  of  con- 
centration is  reduced  to  7«.  6rf.  per  ton  (Hofmann's  Official  Report, 
1875,  vol.  i.  p.  188) .  With  this  should  be  compared  the  very  much 
higher  cost  for  wear  and  tear  of  the  platinum  stills  (to  be  given 
below),  and,  on  the  other  hand,  the  much  higher  statement  by 
Payen  (p.  520)  concerning  the  breakage,  which,  however,  refers  to 
the  imperfect  retorts  of  former  times.     Payen  states  that  at  Ten- 
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nant's  works  at  Glasgow  only  seven  retorts,  on  an  average,  break 
per  annum.  These  retorts  are  made  (by  Perceval,  Vickers,  and 
Co.,  of  Manchester)  from  green  soda  glass,  as  even  in  thickness 
as  possible,  blown  with  special  care,  and  cooled  very  slowly ;  their 
weight  is  about  60  lb.  each,  and  they  cost  Is.  4d.  per  lb. 

Concentration  in  Platinum  vessels. 

The  former  arrangement  of  platinum  apparatus,  including  the 
lead  pans  heated  by  the  waste  heat  (see  above,  p.  499),  is  repre- 
sented, after  Schwarzenberg,  in  figs.  255  to  257. 

The  first  four  pans  are  heated  by  a  special  fire,  whose  door  is 
shown  at  A,  and  its  grate  at  c.  After  ranging  along  the  bottom  of 
the  first  pan,  the  flame  is  carried  by  the  wall  d  under  the  back 
half  of  the  three  other  pans ;  it  then  returns  to  the  front  again^ 
and  goes  through  the  vertical  shaft /into  the  chimney.  From  the 
last  pan  the  acid  passes  into  the  platinum  still  B,  of  which  the 
largest  diameter  is  2  feet  9^  inches;  its  height  up  to  the  margin  i, 
on  which  the  head  rests,  is  1  foot  7|  inches ;  and  it  has  a  capacity 
of  40  gallons.  The  whole  lower  part,  which  is  continued  about 
an  inch  above  its  greatest  diameter,  is  made  in  one  piece;  the 
upper  part,  narrowing  towards  the  head,  is  gold-soldered  to  the 
bottom  part  by  means  of  the  oxyhydrogen  blowpipe  [latterly 
soldered  with  platinum  itself,  see  above] .  The  remaining  joints 
are  made  in  a  similar  way.  The  still  is  heated  by  the  fireplace  k. 
At  first  it  used  to  be  set  on  an  arch,  only  the  sides  being  exposed 
to  the  fire.  On  account  of  the  great  waste  of  fuel,  the  arch  was 
exchanged  for  iron  bars ;  and  as  these  burned  away  very  quickly, 
the  bottom  of  the  pan  was  exposed  to  the  direct  flame.  It  does 
not  waste  more  quickly  now  than  previously ;  and  much  less  fuel 
is  consumed.  The  still  is  supported  all  round  by  the  circidar  wall 
/,  and,  on  account  of  the  small  strength  of  the  platinum,  also  by 
the  middle  wall  m.  The  flame  circulates  in  the  flue  n  round  the 
sides  of  the  still,  and  passes  then  under  the  fifth  lead  pan,  and 
thence  through  o  into  the  chimney.  The  projecting  part  of  the 
brick  covering  of  the  flue  n  is  protected  by  a  metal  plate  extending 
4  inches  upon  the  still ;  this  plate,  as  well  as  the  part  of  the  still 
not  encased  in  brickwork,  is  covered  with  clay  to  prevent  the 
condensation  of  vapours — ^which  increases  the  production  and  saves 
fuel.  The  grates  as  shown  in  the  diagrams  are  intended  for  lig- 
nite ;  for  coal  they  can  be  made  much  smaller. 
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The  boiler  is  fed  by  the  siphon  p,  one  of  whose  ends  dips  into 
the  lead  pan,  the  other  end  dipping  into  the  small  lead  vessel  q, 
provided  with  a  spout.  The  speed  of  flow  is  regulated  by  raising 
or  lowering  q  by  means  of  the  chain  running  on  the  sheave  r. 
The  acid  runs  through  the  platinum  funnel-tube  8  into  the  still, 
which  is  provided  with  a  short  neck  and  tight-fitting  cover  for 
receiving  the  same.  The  bottom  of  the  funnel-tube  is  luted  by 
the  acid  of  the  still ;  and  a  small  box  between  the  pipe  and  the 
opening  of  the  funnel  further  prevents  any  vapour  from  escaping. 
For  this  purpose  it  has  two  partitioiL^,  one  allowing  communica- 
tion only  at  the  bottom,  the  other  only  at  the  top,  and  both 
together  forming  a  complete  acid  lute. 

A  platinum  float,  playing  in  a  similar  tube  to  that  of  the  funnel, 
indicates  the  level  of  the  acid.  The  head  C  is  let  into  the  wide 
neck  of  the  still,  with  the  flange  soldered  all  round  it ;  the  latter 
rests  on  the  strong  neck  of  the  still,  with  a  thin  layer  of  asbestos 
between  them,  the  two  being  pressed  together  air-tight  by  iron 
screw- clamps.  The  side  branch  of  the  head  is  fixed  to  a  lead  ball 
D  by  flanges,  bolts,  and  red-lead  cement ;  to  the  ball  D  a  lead 
worm  is  burnt  for  condensing  the  weak  acid  distilling  over ;  and 
the  latter  is  collected  in  the  lead  tank  E.  The  cooling-tank  P  is 
of  lead,  the  frame  for  holding  the  worm  of  tinned  iron.  Cold 
water  constantly  runs  in  through  u ;  and  the  hot  water  runs  oflF 
at  r. 

The  strong  acid  is  dra^vn  off  through  the  platinum  siphon  to, 
reaching  almost  to  the  bottom  of  the  still ;  the  other  branch  passes 
through  the  cooler  G,  where  cold  water  runs  constantly  in  at 
the  bottom  and  the  heated  water  runs  off  at  the  top.  To  facilitate 
the  cooling,  the  part  of  the  siphon  within  the  cooler  is  made  in 
two  branches,  joined  by  cross  stays  ;  at  the  bottom  is  a  gold  tap 
for  regulating  or  stopping  the  flow  of  acid ;  this  tap  is  at  least 
20  inches  below  the  bottom  of  the  still.  Two  small  funnels,  a?, 
fitted  with  ground  platinum  stoppers  and  rising  above  the  top  of 
the  siphon,  serve  for  charging  it ;  for  this  purpose  the  bottom  cock 
is  closed,  both  funnels  are  opened,  acid  is  poured  in  till  the  siphon 
is  quite  full,  the  air  escaping  through  the  second  funnel,  and  the 
stoppers  are  put  in.  The  siphon  is  usually  made  in  four  pieces 
ground  tightly  into  each  other  at  the  joints,  for  the  sake  of  being 
carried  and  handled  more  easily ;  screw  clamps  make  the  joints 
more  secure  y  yy  are  wooden  supports  for  the  siphon. 
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The  work  of  concentration  goes  on  day  and  niglit,  one  man 
attending  to  both  fires.  The  lead  pans,  whose  area  ought  not  to 
be  smaller  than  that  indicated,  can  easily  concentrate  the  whole 
of  the  acid  from  112°  to  152°  Tw.  without  any  appreciable  loss  of 
acid.  The  weak  acid  runs  into  the  first  pan  in  a  continuous  stream 
of  such  amount  that  it  is  just  balanced  by  the  water  evaporated 
and  by  the  acid  running  from  the  fifth  pan  into  the  platinum  still. 
The  acid  in  the  fifth  pan  is  at  the  right  strength  when  marking 
hot  132°;  it  will  then  mark  cold  152°  Tw.  It  is  put  into  the  still 
up  to  its  widest  diameter,  and  kept  at  the  same  height  during  the 
concentration  by  constant  feeding. 

The  concentration  may  be  carried  on  in  two  ways,  either  con- 
tinuously or  intermittently.  When  working  continuously,  the  tap 
of  the  siphon  is  opened  so  far  that  the  quantity  of  vitriol  which 
the  still  can  supply  runs  out  in  an  uninterrupted  stream,  whilst 
from  the  lead  pan  just  as  much  fresh  acid  runs  into  the  still  as 
keeps  up  the  level,  observable  by  the  float.  The  process  is  con- 
trolled by  noticing  the  strength  of  the  acid  running  out  of  the 
siphon  and  of  that  condensing  in  the  lead  worm,  both  of  which  are 
in  constant  relation  to  each  other.  The  distilling  acid  ought 
never  to  fall  below  45°  Baume=90°  Tw.,  in  which  case  the  con- 
centrated acid  will  show  65j|°Baume=l'830sp.  gr.  It  is  not  very 
well  possible  to  make  stronger  acid  by  the  continuous  process, 
because  the  constant  supply  of  weaker  acid  keeps  down  the  strength 
of  the  contents  of  the  still.  If  the  distilling  acid  shows  less  than 
90°  Tw.,  the  acid  flowing  out  of  the  siphon  will  soon  become  too 
weak ;  and  in  that  case  either  the  fire  must  be  increased  or  the 
supply  of  weak  acid  must  be  lessened  or  even  interrupted  for  a 
short  time. 

The  apparatus  as  drawn  here  can  supply  34  cwt.  of  strong  vitriol 
daily  by  continuous  working. 

Acid  of  more  than  1*830  sp.  gr.  is  made  by  intermittent  work. 
The  tap  is  kept  closed,  till  the  distilling  acid  shows  100°  Tw. ;  at 
this  point  the  supply  of  fresh  acid  is  stopped,  the  fire  is  drawn  out 
of  the  grate,  and  a  portion  of  the  contents  of  the  still  is  quickly 
drawn  oflF  into  jars,  but  never  so  much  that  the  level  of  the  acid 
sinks  below  the  fire-line  at  n.  Each  time  2  cwt.  can  be  drawn  oflF. 
The  still  is  now  refilled  from  the  fifth  pan,  which  for  this  purpose 
is  temporarily  disconnected  from  the  fourth,  lest  weaker  acid  should 
get  into  the  still.     Once  every  96  minutes,  or  15  times  daily,  acid 
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can  be  drawn  off  altogether,  therefore  30  cwt.  of  acid  of  1'840. 
It  is  evident  that  the  interruption  of  firing  during  the  drawing-off 
causes  a  loss  in  the  amount  of  work  done. 

If  real  monohydrate  (or  something  near  it)  is  to  be  produced, 
the  operation  must  be  continued  till  the  distillate  shows  the  same 
strength  ;  but  this  requires  a  much  larger  expenditure  of  time  and 
fuel  and  great  wear  and  tear  of  the  still ;  it  is  therefore  rarely 
done,  although  the  '^  extra- concentrated  vitriol ^^  thus  produced 
commands  a  higher  price  (see  p.  517).  Most  of  the  acid  is  now 
prepared  by  the  continuous  process,  which  requires  less  fiiel  and 
causes  less  wear  and  tear  of  the  still,  in  consequence  of  the  tempe- 
rature always  remaining  at  the  same  height. 

The  acid  is  first  run  into  jars  of  stoneware  J,  each  holding 
22  lb.  of  it,  which  stand  on  a  lead  saucer  for  catching  any  over- 
flow ;  it  is  left  in  these  several  hours  to  be  completely  cooled 
before  filling  the  carboys. 

The  acid  distilling  off  is  much  purer  than  ordinary  chamber- 
acid,  and  can  be  applied  to  special  uses ;  otherwise  it  goes  back 
into  the  chambers.  The  loss  by  evaporation,  spilling,  &c.  ought 
not  to  exceed  1  or  2  per  cent.  The  above-described  apparatus 
requires  daily  11  cwt.  of  good  coal. 

An  idea  of  the  size,  working-capacity,  and  price  of  other  plati- 
num apparatus  than  that  described  by  Schwarzenberg  is  given  by 
the  following  statements  (partly  from  Kerl-Stohmann's  'Technische 
Chemie,^  iv.  p.  1457).  A  still  at  Okcr  was  2  feet  11  inches  in 
upper  diameter,  2  feet  8  inches  in  lower  diameter,  1  foot  5  inches 
in  height,  weighed  with  appurtenances  3  qrs.  4  lb.,  contained  66 
gals.,  supplied  daily  3  tons  2  cwt.  of  vitriol,  and  cost  about  £2000. 
A  still  at  Freiberg  had  a  diameter  at  the  bottom  of  3  feet  4^  inches, 
in  the  belly  of  3  feet  7  inches,  in  the  neck  of  1  foot  1  inch,  height 
up  to  the  belly  1  foot  5^  inches,  total  height  2  feet  6  inches,  weight 
with  appurtenances  1  cwt.  27  lb.,  contents  88  gals.,  supplied  daily 
about  3  tons  acid,  and  cost  £2800.  Another  apparatus  weighed — 
the  still  1  cwt.  27  lb.,  the  head  4  lb.,  the  side  tube  and  float  4  lb., 
the  float  22  lb.,  altogether  1  cwt.  2  qra.  1  lb. ;  it  furnished  daily 
4  tons  of  acid  of  ISW  working  intermittently,  or  6  tons  of  1*83 
working  continuously,  and  cost  about  £3200.  The  daily  cost  of 
interest  and  wear  and  tear  is  stated  at  19«.  The  price  of  platinum 
has  gradually  lowered :  in  1857  it  was  1200  francs  per  kilog. 
(  =  £21  17s,  per  lb.);  in  1872,  only  750  frs.  (=£13  13^.  per  lb.)  ; 
in  1877,  1020  frs.  (=£18  11^'.  per  lb.). 

2m 
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Bode  (Dingl.  Jouni.  ccixi.  p.  54<3)  atateH  the  following  weights 
and  working -capacities  of  some  platinum  stills,  from  his  own 
experience : — 

Weight  'if  |iUtinum,  Qitaaiilr  of  MrorEPst 

int]tui*<-  ol  nit  (.il  nCfiiri-i  per 


0  3      2 

1  0    10 


1     19 
5      0 


Tn  connequrncc  of  competition  with  tlie  platinum  stills,  first 
by  the  improved  glass  retorts,  and  more  rcceutly  by  the  combined 
platinum-lead  apparatus  uf  Faure  and  Kesskr,  the  two  manufac- 
turers of  large  platinum  apparatus  (DeHmoutis,Qucnnesscn,&  Co.,  of 
Paris,  and  Johnson,  Matthcy,  &  Co.,  of  London)  have  both  greatly 
improved  the  construction  of  platinum  stills.  Especially,  they  have 
made  tliem  liF^hter,  by  leaving  the  greatest  strength  entirely  in  the 
bottom,  directly  expoxed  to  the  fire.  Already  in  18G7,  Johnson, 
Matthcy,  &  Co.  had  exhibited  at  Paris  an  apparatus  for  5  tons  per 
diem,  costing  only  ±16 H),  and  anothcrfor  Stoiisp'.-rdiemat  £2500. 
Their  apparatus  arc  represented  in  figs.  2;>8  and  251).      The  first 
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shows  the  flat  shape,  the  second  the  tall  shape  of  stills ;  in  the  latter 
the  head  first  rises  a  little  to  allow  the  weak  acid,  condensing  at 
firstj  to  run  back  again  into  the  still  (the  dotted  lines  show  the 
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older  shape  of  head^  still  usual  in  the  French  apparatus) .  With  the 
English  construction  of  the  still-head  less  weak  acid  is  obtained^ 
but  less  work  is  done^  than  with  the  French  apparatus.  Fig.  260 
shows  a  cooling-apparatus  of  peculiar  construction^  sometimes  em- 
ployed in  the  English  apparatus. 

The  lightest  construction  of  English  platinum  stills,  where  only 
the  bottom  is  heated,  and  which,  since  187G,  has  been  most  recom- 
mended, is  shown  in  fig.  261,  along  with  a  new  cooling-apparatus. 
Such  a  still  was  exhibited  at  the  London  Exhibition  of  1862,  and 
since  that  time  has  regularly  made  upwards  of  2  tons  of  Titriol 
per  diem ;  it  originally  cost  only  £675,  inclusive  of  head,  tubes^ 
and  cooler;  and  the  repairs  during  14  years  have  only  amounted 
to  £30.  This  system  is  meant  for  continuous  work  :  when  two 
stills  are  combined,  4^  to  5  tons,  with  three  stiUs,  7^  to  8  tons  of 
vitriol  can  be  produced  per  diem  ;  but  in  that  case  the  cooling- 
apparatus  must  be  enlarged  accordingly.  A  double  apparatus  costs 
J61200,  a  triple  one  £1750.  A  is  the  platinum  still  itself,  with  an 
ascending  head  L ;  it  rests  on  a  cast-iron  ring  C,  and  is  heated  by 
the  fire  on  the  grate  c ;  below  the  latter  there  is  an  ash-pan  filled 
with  water.  In  the  centre  of  the  still-bottom  is  a  funnel  D,  com- 
municating with  the  outside  by  the  connecting-tube  E ;  the  con- 
centrated acid  collects  here  and  is  carried  away  by  E.  This  arrange- 
ment is  said  to  have  been  a  great  practical  success.  The  tube  E  is 
continued  into  another  platinum  tube,  dipping  2  inches  into  the 
funnel  of  the  platinum  cooler  F.  The  latter  stands  in  a  lead  cooler 
G,  which  constantly  receives  fresh  water  from  a  tap ;  the  pipe  con- 
ducting the  cooling  water  to  the  bottom  of  G  is  surrounded  by  spun 
yam  or  some  other  bad  conductor  of  heat,  so  as  not  to  be  heated 
prematurely.  From  the  bottom  of  F  the  acid,  already  cooled  to  a 
great  extent,  runs  through  an  overflow-pipe  (likewise  wrapped 
round  with  spun  yarn,  to  avoid  reheating  the  acid  by  the  hot  water 
in  the  upper  strata)  into  the  stoneware  cooler  H,  which  also  stands 
in  a  cold-water  tub.  The  siphon  I,  of  lead  or  stoneware,  draws 
the  acid  from  H  into  the  large  stoneware  bottle  K,  from  which, 
now  sufficiently  cooled,  it  is  drawn  off  by  a  tap  as  required. 

In  the  same  year  (1876)  Johnson,  Matthey,  &  Co.  constructed  a 
totally  different  shape  of  still  ('^  system  Delplace  "),  in  which  Faure 
and  Kessler^s  idea  of  working  with  a  very  thin  layer  of  acid,  thereby 
permitting  a  diminution  of  the  weight  of  platinum,  is  adopted ;  and 
it  effects  at  the  same  time  an  enlargement  of  the  heating-surface  by 
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employiug  a  corrugated  still-bottom  {Prentice's  patent).  This  ap- 
paratus is  shoirn  in  tigs.  362-264.  The  still  B,  instead  of  being 
round,  is  of  an  elongated  square  or  oval  shape ;  for  a  make  of  4  to 
5  tons  of  vitriol  per  diem  it  meaaureB  3  feet  by  1  foot  6  inches. 
The  acid  enters  at  the  back  end  and  comes  out  in  front ;  the  siphon 
is  replaced  by  an  overflow.  A  still  of  this  kind  weighs  about  ^  cwt., 
and  costs  about  £1000,  inclusive  of  overflow,  cooler,  metal  ring,  &c. 
The  firm  also  supplies  platiuum  pans  with  corrugated  bottoms, 
as  shown  at  A ;  but  instead  of  these,  ordinary  lead  pans  may  be 
used. 

More  precise  (and  partly  deviating)  statements  about  these  appa- 
ratus have  been  made  ('Chemische  Industrie,'  i.  p.  194)  by  the 
manager  of  the  Grieshetm  Chemical  Works,  where  three  of  them 
are  at  work.  Each  of  them  consists  of  a  closed  still,  2  feet  11  inches 
by  1  foot  5^  inches,  and  two  open  pans,  4,  feet  I  inch  by  1  foot 
5^  inches,  and  5  inches  deep,  the  latter  with  a  channel  for  a  water 
lute  running  round  the  upper  edge.     The  pans  have  a  double  lead 
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cover  with  cooling -water ;  the  gas  not  condensed  is  taken  away  by 
a  vertical  lead  tube  into  the  outer  air.  The  liquids  condensing 
at  the  sides  of  this  lead  roof  (water  in  the  first  pan,  acid  of 
1'03  sp.  gr.  in  the  second)  flow  into  the  channel  and  run  away. 

Six  lead  pans,  with  a  heating-surface  of  247  square  feet,  belong 
to  the  system.  The  firing  is  done  by  gas -generators.  The  system 
concentrates  daily  6  tons  of  vitriol  of  1'8I3  from  ehamhcr-acid  of 
1"55,  with  a  consumption  of  from  2G  to  27  cwt.  of  Saar  coals.  The 
acid  in  the  Jcad  pans  reaches  a  temperature  of  125°-135°C,,and  a 
strength  of  1-68  sp.  gr.  (measured  at  15°),  in  the  first  platinum  pan 
iy5°  and  1-74,  in  the  second  24O°-250°  and  ISl  sp.  gr. ;  the  ther- 
mometer under  theroof  of  the  first  pan  shows  90°,  under  the  second 
130°.  The  distillate  of  the  still  proi>cr  has  a  specific  gravity  of 
1-45.  The  still,  inclusive  of  all  accessories,  weighs  1  qr.  12  lb.,  each 
pan  20  to  22  lb.  The  apparatus  is  said  to  be  very  satisfactory,  and 
simpler  than  Faure  and  Kessler's  [to  which  it  bears  a  very  great 
resemblance!]. 

The  more  modern  construction  of  Desmoutis,  Quennessen,  and 
Lebrun,  of  Paris,  is  shown  in  figs.  2G5  and  2C().     The  still  A  has 


Fig.  266. 


the  head  B  projecting  a  little  over  its  neck.  The  acid  is  con- 
tinually supplied  through  the  funnel  (with  lute}  a,  and  is  divided 
into  small  drops  by  the  holes  of  the  still-neck  p  in  the  part 
reaching  into  the  still-head.  These  drops  run  down  the  sides  of  the 
still,  and  are  concentrated  to  some  extent  before  they  arrive  below. 
At  o  the  flow  is  put  in.  The  siphon  (according  to  Hasenclcver's 
plan,  'Bericbte  der  deutach.  chem.  Gesellschaft,'  1872,  p.  507)  is 
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made  in  this  way : — Lest  through  a  mistake  of  the  attendant  too 
much  acid  should  be  drawn  off  and  its  level  fall  )>elow  the  line  de, 
thus  exposing  the  platinum  to  the  heat  of  the  flue //without  any 
protection  from  acid  inside,  and  causing  it  to  become  red-hot  and 
perhaps  to  crack,  a  small  tube,  gh,  is  fixed  in  the  siphon,  whose  lower 
opeuing  corresponds  with  the  lowest  allowable  level  of  the  acid  in 
the  still.  When  the  liquid  stands  above  d  e,  the  opening  g  is  covered 
and  the  siphon  acts  as  usual,  drawing  off  the  concentrated  vitriol 
from  the  bottom  of  the  apparatus  ;  but  whenever  the  level  of  the 
acid  sinks  below  dt,  the  siphon  sucks  air  at  g  and  runs  off.  The 
funnels  i  and  k  serve  for  refilling  it.  If,  exceptionally,  the  still  has 
to  be  emptied,  the  cover  I  is  taken  off,  the  plug  at  h  is  put  in,  and 
the  acid  can  then  be  siphoned  off  down  to  n.  The  overflow  g,  on 
the  other  hand,  always  keeps  the  level  of  the  acid  below  the  line  b  c. 
The  vapours  escaping  from  the  head  B  pass  into  the  lead  hall  in 
the  cooler  R,  which  is  always  half-full,  as  the  worm  of  the  cooler 
starts  from  the  middle  of  its  height ;  this  prevents  the  acid  firom 
dropping  down  and  wearing  out  the  lead  too  soon  at  the  point  of 
contact.  At  S  the  condensed  weak  acid  runs  off.  The  siphon, 
whose  long  arm  is  a  plain  tube  cooled  by  water,  takes  the  concen- 
trated vitriol  into  a  set  of  firom  four  to  six  jars  with  open  necka, 
standing  up  to  their  necks  in  cold  water,  and  connected  one  with 
another  by  glass  siphons ;  from  the  last  of  these  the  acid  is 
drawn  ofC  into  carboys  by  means  of  a  platinum  siphon  with  stop- 
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cock.     Tbas  the  acid,  betides  being  cooled,  is  at  the  same  time 
clarified. 

These  deep  stilU  are  atill  used  in  manv  pUfes  ;  but  the  Park 
firm,  since  1876,  in  order  to  compete  with  Faare  and  Kessler's  ajqia- 
ratuR,  has  brought  oat  a  new  form  of  still,  which,  similarly  to  that 
of  the  London  firm,  has  for  its  object  easier  concentration  br  dimi- 
nishing the  depth  of  the  acid,  along  with  a  saving  of  fuel  and  dimi- 
nutioni^tbe  weightof  platinam.   Theapparatus  figs.  367 and  268) 


is  filled  at  a ;  the  acid  is  compelled  by  concentric  partitions  to 
travel  through  the  stills  in  three  circles,  following  the  direction  of 
the  arrows ;  it  is  taken  away  from  the  centre  by  the  tube  h,  without 
a  siphon.  In  a  convenient  place  there  is  an  overflow,  to  prevent 
the  level  of  the  acid  rising  too  high.  The  still  is  either  set  on 
brickwork  in  the  ordinary  way,  or  it  is  made  with  a  recess  nearthe 
outlet-tube  for  resting  on  the  brickwork.  Bode  states  that  an  ap- 
paratus of  this  kind,  Buppl)dng  daily  1^  ton  of  the  strongest 
vitriol,  weighed : — 
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gtmt. 

The  still  itself 11935 

„    head  3784 

„    funnel    244 

„    overflow  and  run -off. 203 

„    siphon  [what  for?]   2429 

17595 
[=38ilb.] 

According  to  a  circular  of  Messrs.  Desmoutis,  Quennessen,  and 
Lebrun,  an  apparatus  of  2  feet  7i  inches  diameter,  weighing  J  cwt., 

Rg.269, 
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can  easily  (amish  4^  to  5  toos  of  stroog  vitriol  daily,  with  a  nu 
mom  consumption  of  16  parts  of  coals  for  100  part«  of  acid ;  t 
coDBumption  is  now  said  to  have  been  reduced  to  13  parts. 

The  kind  of  setting  now  used  at  most  works  is  shown  in  iigs.  t 
and  270.    Il  is  extremely  simple,  the  stiU-bottom  resting  on  a  cf 
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iron  flange.  The  Paris  firm  also  snppliea  a  cooler  (fig.  271)  similar 
to  the  English  cooler  (fig.  257).  Three  such  apparatus  are  at  work 
at  Channy ;  the  distilling  acid  is  said  to  reach  only  6  to  8  deereea 
Twaddle.  ^ 
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The  above-described  mounting  on  a  plain  cast-metal  ring  was 
first  suggested  by  Mr.  SchaflFner,  of  Aussig,  seemingly  also  the 
idea  of  combining  the  principle  of  the  shallow  pan  of  Faure  and 
Kessler  with  a  platinum  head,  thus  uniting  the  advantages  of  both 
systems.  Bode  has  proposed  to  run  in  the  acid  at  the  centre,  and 
run  it  off  at  the  circumference  (so  that  the  run-off  tube  would  not 
have  to  be  carried  right  through  all  the  partitions),  and  not  to  re- 
duce the  depth  of  the  acid  too  much.  Another  system  for  circula- 
tion of  the  acid,  introduced  by  M.  Liebig,  is  sketched  in  fig.  272. 

Fig.  272. 


Double  outflows  A  A,  and  supply-tubes  E  E,  one  of  which  is  always 
closed  by  a  cap,  permit  the  still  to  be  turned  from  time  to  time,  so 
as  not  to  have  always  the  same  place  in  contact  with  the  fire.  The 
second  supply-pipe  may  be  utilized  for  holding  a  float.  The  cool- 
ing is  effected  by  a  platinum  worm.  His  apparatus,  measuring 
2  feet  b^  inches  at  the  bottom,  weighs  54  lb.  (the  cooling- worm  an- 
other 5ilb.),  and  supplies  daily  from  3^  to  4  tons  strong  vitriol. 
Liebig  prefers  the  ascending  still-head,  according  to  the  English 
pattern ;  the  distillate  condensing  in  it  shows  140°  Tw.,  and  is 
carried  away  to  the  supply-tube  by  a  small  contrivance  inside 
the  still-head  (Post,  ^  Zeitschrift  f.  d.  chem.  Grossgewerbe/  i. 
p.  88). 

In  the  stills  supplied  by  the  Paris  firm,  as  last  described,  the  depth 
of  the  acid  is  only  from  2  to  3  inches  ;  with  good  work  the  distill- 
ing acid  shows  no  more  than  7°  to  9°  Tw.,  even  when  vitriol  of 
1*842  sp.  gr.  is  made ;  the  work  done  is  now  five  times  as  much  as 
formerly  for  an  equal  weight  of  platinum. 

Schaffner  has  simplified  the  cooler  extremely.    He  uses  a  simple 
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siphon  without  a  stopcock  (the  outflow  being  regulated  by  the  sup- 
ply) ;  the  acid  runs  directly  into  a  cylindrical  tank  of  thick  lead, 
2  feet  wide  and  deep^  to  the  bottom  of  which  a  lead  pipe  is  joined, 
turning  upwards  again^  just  as  in  his  cooler  for  Glover-tower  acid 
(p.  406).  But  in  this  case,  on  account  of  the  greater  heat  of  the 
acid,  there  is  a  double  lead  worm  for  continually  running  cold  water 
through  the  tank.  The  acid  running  off  is  quite  cool,  so  that  the 
carboys  may  be  filled  directly.  The  cylinder  has  a  lead  cover  to 
protect  the  acid  from  discoloration  by  dust. 

We  have  several  times  already  mentioned  the  concentrating- 
apparatus  of  Faure  and  Kessler;  we  will  now  describe  it  in  detail. 
The  following  is  the  principle  of  the  apparatus  (invented  by 
Kessler)  :  of  the  platinum  still  nothing  is  left  but  the  bottom,  form- 
ing a  shallow  dish,  the  remaining  part  being  replaced  by  a  lead 
cover  cooled  by  water.  The  first  construction  of  this  kind  was  pro- 
posed by  Kessler  in  1863  (Dingl.  Joum.  ccxxi.  p.  85),  and  carried 
out  at  Griesheim,  near  Frankfort  (described  in  detail,  Uingl.  Joum. 
clxxvi.  pp.  34  &  164),  but  was  not,  in  the  long  run,  a  success. 
Messrs.  Johnson,  Matthey,  &  Co.  have  proved  that  even  before  1860 
two  British  manufacturers  (Messrs.  Harrison,  Blair,  &  Co.,  of 
Bolton,  and  Mr.  A.  Smith,  of  Dublin)  had  used  similar  pan-appa- 
ratus, but  had  given  them  up  again.  On  ihat  very  account,  Faure 
and  Kessler  cannot  be  denied  the  merit  of  having  ultimately  carried 
out  in  practice  a  principle  all  previous  attempts  to  apply  which  had 
failed ;  and  even  if,  as  it  seems,  the  modem  constructions  of  the 
the  stills  made  entirely  of  platinum  are  after  all  the  best  apparatus 
of  the  kind,  Faure  and  Kessler  have  certainly,  by  their  original 
improvements,  induced  the  older  manufacturers  to  follow  their 
example. 

The  older  forms  of  the  apparatus  (now  given  up  by  the  inventors 
themselves)  are  described  in  Dingl.  Joum.  ccxi.  p.  26,  and  ccxiii. 
p.  204) ;  we  here  describe  only  the  form  ultimately  adopted  and 
introduced  in  many  places.  Fig.  273  gives  a  section,  fig.  274  a  per- 
spective view,  and  fig.  275  the  details  of  the  joint  between  the  dish 
and  the  jacket  (according  to  ^  Engineering,'  Feb.  25,  1876) .  For 
a  complete  apparatus  two  platinum  dishes,  A  and  B,  are  required. 
They  are  circular,  2  feet  4^  inches  wide  at  the  bottom,  and  5  inches 
high  ;  they  are  mounted  in  such  a  way  that  the  acid  runs  from  the 
first  dish.  A,  through  the  platinum  tube  a,  into  the  lower  dish,  B. 
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Each  dish  is  fired  independently,  hanging  freely  in  the  fire-place, 
merely  supported  by  a  metal  ring,  A,  which  itself  rests  on  the  brick- 
work. The  rim  of  the  dish  is  recessed  for  this  purpose;  it  is 
supported  above  by  a  thick  lead  ring  with  a  vertical  flange,  c ;  there 
is  no  cement  between  the  lead  and  platinum,  the  air  passing  freely 
through.  Thie  flanged  lead  ring  c  is  burnt  to  another  circular 
lead  piece,  A,  called  the  *^  soubassement,^^  which  turns  upwards  in 
a  slanting  direction,  and  then  carries  two  concentric  lead  flanges, 
forming  an  annular  water  lute  p,  into  which  the  lowest  part  of  the 
hollow  lead  bell  /  dips  without  touching  the  bottom.  The  iron 
rings  i,  with  6  adjustable  feet,  /,  and  the  wedges  m  support  the 
soubassement.  The  small  overflow-pipe  g  constantly  takes  away  the 
weak  acid  collecting  at  d  in  the  soubassement.  The  lowest  ring 
may  be  left  out,  and  the  lead  rest  directly  on  the  brickwork.  The 
lead  bells  D  knd  E  are  4  feet  3  inches  high,  and  3  feet  6  inches 
wide,  and  have  a  circular  water-jacket  in  three  tiers.  Between  each 
two  tiers  an  iron  hoop  is  laid  round  the  bell  to  stiflen  it ;  and  at  the 
same  time  to  these  hoops  are  attached  the  pieces  by  which  the  bells 
are  suspended  from  the  vertical  supports  carrying  their  entire 
weight.  The  bell  ends  at  the  top  in  a  conical  cover  with  a  short 
tube -like  opening,  q,  in  the  centre;  roimd  this  a  water-joint  is 
formed,  in  which  the  lower  part  of  the  tube  r  rests,  which  takes  the 
uncondensed  vapours  to  the  chambers.  [In  practice  the  vapours 
are  generally  not  carried  into  the  chambers,  but  condensed  sepa- 
rately.] A  steam-jet  at  s  causes  air  to  be  constantly  aspirated  be- 
tween the  lead  piece  c  and  the  dish-rim  at  d,  and  thus  assists 
in  taking  the  vapours  away  from  beneath  the  bell.  A  stream  of 
water  runs  over  the  conical  bell -cover  continually,  flows  into  the 
upper  annular  jacket-space,  from  this  into  the  second,  and  then  into 
the  third,  running  away  at  the  bottom,  keeping  the  sides  of  the  bell 
constantly  cool,  and  condensing  the  vapours  in  it  into  liquid  acid. 
This  first  enters  the  hydraulic  joint  at  J9,  then  passes  over  into  rf, 
and  is  taken  away  by  the  overflow-pipe  g.  The  latter  is  fixed  at 
such  a  height  that  the  turned -over  margin  of  the  dish  just  dips  into 
the  acid,  so  that  no  vapours  can  get  outside,  whilst  the  aspirated 
air  can  get  through. 

The  dish  A  is  5  inches  above  B ;  acid  of  144°  Tw.  constantly  runs 
into  it  through  a  platinum  tube;  it  runs,  partly  concentrated, 
through  the  platinum  tube  a  into  the  dish  B,  and  from  this,  as 
strongest  vitriol,  through  a  third  platinum  tube,  /,  into  the  cooler 
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to  be  described  below.  The  process  is  thus  quite  contiuuoos  ;  bot 
the  largest  part  of  the  work  is  done  in  the  dish  A,  which  can  be 
used  by  itself,  of  course  with  a  smaller  production.  The  dilute  acids 
in  the  first  \ye\\  show  7^-15°,  in  the  second  52^-77",  on  the  average 
82°-38^Tw.  against  Ci^Tw.  in  the  older  platinum  apparatus.  The 
apparatus  here  sketched  turns  out  6  tons  of  strongest  vitriol 
daily,  with  a  consumption  of  5  cwt.  of  fiiel  per  ton  of  vitriol. 

Bode  gives  the  following  authentic  details  on  the  consumption  of 
fuel  with  Faure  and  Kessler^s  apparatus^  compared  with  others 
(Dingl.  Joum.  ccxx.  p.  33G)  : — 

I.  An  old  platinum  still  consumes  2*34  cubic  feet  of  wood  per 
cwt.  of  vitriol — of  this  0*98  for  the  lead  pans,  1  '36  for  the  still 
itself;  the  new  apparatus  at  the  same  works  only  consumes  1*57 
cubic  feet. 

II.  In  another  case  the  consumption  of  fuel  for  concentrating 
from  106^  to  170°  Tw.  was  just  the  same  as  from  148°  to  170''  Tw. 
with  the  old  apparatus. 

III.  For  obtaining  38  cwt.  of  strong  vitriol  daily  7  cwt.  of  large 
coal  are  used  ;  but  a  little  under  4  cwt.  should  be  deducted,  as  the 
warm  cooling-water  is  used  for  feeding  a  steam-boiler,  leaving  only 
10  lb.  of  coals  for  1  cwt.  of  vitriol ;  the  old  platinum  apparatus  had 
consumed  G^  cwt.  of  coals  for  38  cwt.  of  vitriol.  The  dish  here  has 
a  diameter  of  2  feet  1^  inch,  weighs,  along  with  the  other  platinum 
parts,  201b.,  and  costs  £460,  including  royalty,  but  without  the 
cost  of  lead,  mounting,  &c. 

IV.  Here  for  100  parts  of  acid,  concentrated  from  106^  to 
170°  Tw.,  30  parts  of  good  coal  are  used. 

According  to  Payen's  ^Chimie  Industrielle'  (1877),  i.  p.  341, 
from  18  to  20  kilog.  coal  are  used  for  obtaining  100  kilog.  of  strong 
vitriol  from  acid  of  10G°-113°  Tw.  According  to  notes  collected 
quite  recently  by  the  author,  chamber-acid  of  113°  can  be  brought 
up  to  nominally  170°Tw.  (=94  per  cent,  of  SO4II2)  with  IG'G  parts 
of  middling  good  coals  for  100  parts  of  strong  vitriol. 

It  should  not  be  overlooked  that  the  cooling  of  the  bell  in 
Faure  and  Kessler's  apparatus  requires  a  very  large  quantity  of 
water,  which  in  some  places  may  militate  against  its  employ- 
ment. 

The  shape  of  the  bells  as  drawn,  4  feet  high,  with  three  tiers,  is 
not  at  all  the  general  one ;  shorter  bells,  with  only  two  tiers,  some- 
times even  in  one  piece,  have  also,  recently  especially,  come  into 
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use.     Fig.  276  (also  from  '  Engineering ')  gives  a  perspective  view 
of  such  an  apparatus.     6  b  are  tlie  bells  (only  1  foot  finches  liigh)) 


a  a  the  conical  tops  with  the  water-joints  rf  and  the  drawing-off 
tubes  e,  c  the  hydraulic  joint  of  the  lead  rim,  /  the  iron  bearers  of 
the  bells,  g  the  supports  of  the  lead  rim,  A  a  pot  with  hot  acid  of 
144°  Tw.  from  the  pans,  n  the  cooler  for  hot  strong  vitriol,  m  a  col- 
lecting-tank for  the  acid,  o  a  collccting-bojc  for  the  different  cooling- 
waters  running  off  through  the  pipes  /  &c, ;  through  *  and  other 
pipes  the  weak  condensed  acid  runs  into  the  collecting- tunnel  p. 
This  apparatus  has  two  dishes  of  2  feet  6  inches  diameter,  and  sup- 
plies 7  tons  of  strong  vitriol  daily. 

Faure  and  Keaslcr's  apparatus  is  also  specially  adapted  for  vitriol 
of  1-810  sp.  gr.,  and  even  for  the  "  extra-concentrated  acid  "  of  97 
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to  98  per  cent.  In  this  case  the  weak  distilling  acid  in  the  second 
dish  shows  from  124°  to  144°  Tw.,  and  there  is  a  loss  of  platiDum  of 
8  to  9  grams  per  ton  of  acid  :  the  average  strength  of  the  distilling 
acid  from  both  dishes  is  52'^  Tw. 

The  cooler  employed  by  Faure  and  Kessler  was  also  constructed 
by  them;  it  is  made  of  lead,  aroiding  the  use  of  platinum, 
similar  to  ScbaflFner's.     Its  best  form  is  shown  in  fig.  277  (from 


Fig.  277. 


Payen,  /.  c.  p.  341).  A  lead  vessel.  A,  stands  on  an  annular  lead 
cylinder,  B,  whose  base  fi  is  a  little  widened  out  for  greater  stability. 
In  the  middle  of  the  height  the  partition  c  cuts  off  the  top  from 
the  bottom  cylinder,  the  hollow  space  of  A  still  remaining  in  com- 
munication with  the  annular  space  of  B.  All  the  hollow  spaces  are 
filled  with  vitriol.  On  the  bottom  c  the  shallow  lead  dish  D  is 
placed  J  and  in  its  centre  the  porcelain  dish  d  receives  the  almost 
boiling  acid  from  the  platinum  tube  k,  so  that  the  hot  acid  mixes 
vith  cooled  acid  without  injuring  the  lead  at  the  point  of  contact. 
In  A  there  are  five  worms,  g  a,  connected  with  each  other  and  con- 
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stantly  fed  with  cold  water,  which  runs  off  heated  at/.  The  whole 
cooler  stands  in  a  cylindrical  vessel  H,  also  constantly  supplied  with 
cold  water  through  V ;  the  latter,  therefore,  always  fills  the  inner 
space  b  of  the  annular  vessel  B,  circulating  through  the  openings  x  x. 
Since  the  acid  entering  through  the  tube  /  is  much  hotter  than  that 
into  which  it  flows,  it  rises  to  the  top,  comes  into  contact  with  the 
worms  8  Sy  and  is  partly  cooled ;  it  then  flows  downwards  along  the 
sides,  and  passes  into  the  annular  space  h,  where  it  only  forms  a 
thin  layer  and  is  further  cooled.  At  last  it  rises  up  in  the  pipe 
gy  and  from  this  runs  into  the  carboys.  As  the  diameter  of  the 
vessel  is  about  3  feet  3  inches,  the  stream  of  acid  moves  very  slowly 
in  it,  and  there  is  time  for  cooling.  A  cooler  of  the  above  diameter 
and  equal  height  suffices  for  100  carboys  of  acid  per  diem.  This 
apparatus  is  very  ingeniously  constructed,  but  rather  complicated. 
It  requires  an  excellent  plumber  and  incessant  cooling  with  cold 
water ;  otherwise  it  would  be  very  soon  destroyed. 

The  use  of  Faure  and  Kessler's  apparatus  spread  very  rapidly, 
and  far  more  in  Germany  and  Austria  than  in  France  itself,  last  of 
all  in  England — up  to  1877  altogether  in  40  works.  The  reason 
was  evidently  this,  that,  in  spite  of  the  very  large  royalty  paid  to  the 
inventors,  the  saving  against  the  older  platinum  stills  amounted  to 
a  large  sum,  so  that  the  cost  of  the  old  platinum  equalled  that  of 
two  of  Kessler's  new  apparatus.  The  latter  for  5  tons  daily  costs 
only  £1200,  against  £3200  for  the  old  still,  or  for  2^  tons  daily 
£600  against  £1800  [these  figures  quoted  by  F.  &  K.  were  cer- 
tainly maximum  amounts].  Besides,  with  the  new  system  less 
fuel  was  consumed.  But,  as  mentioned  above,  the  firms  of  John- 
son, Matthey,  &  Co.,  and  Desmoutis,  Quennessen,  and  Lebrun 
have  both  come  up  to  the  same  point ;  they  now  supply  appa- 
ratus at  the  same  price  as  Faure  and  Kessler,  or  even  more 
cheaply,  which  have  the  great  advantage  of  consisting  entirely  of 
platinum,  and  thus  always  retaining  the  best  part  of  their  value, 
and  of  being  much  simpler  to  mount  and  to  keep  up.  The  prin- 
ciple of  a  shallow  layer  of  acid  being  adopted,  they  attain  the  same 
saving  of  fuel,  and  even  exceed  it  if  constructed  on  the  principle  of 
the  concentric  current — though  this  principle  can  be,  and  actually 
is,  applied  to  Kessler's  platinum  dishes  also.  In  some  places  the 
dish-apparatus  is  said  to  have  been  abandoned  again,  probably  on 
account  of  too  many  repairs  being  needed.  It  can  be  very  easily 
imagined  that  in  one  place,  where  a  less-practised  plumber  has 
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mounted  the  apparatus,  it  works  much  less  satisfactorily  than  in 
another  place,  where  there  has  been  an  eieclleiit  plumber  at  dis- 
posal ;  at  least  in  some  places  the  author  has  been  told  that 
there  was  no  difficulty  whatever  in  keeping  the  apparatus  in  good 
order. 

The  greatest  advantages  claimed  by  Faure  and  Kessler  for  their 
apparatus  are  its  cheapness  and  the  saving  of  fuel — advantages 
which  the  apparatus  even  at  the  time  of  its  introduction  hardly 
possessed  againxt  the  apparatus  of  Johnson,  Matthey,  and  Co.  of 
1862,  and  which  it  has  entirely  lost  against  the  most  modem  pla- 
tinum stills,  at  any  rate  so  long  as  a  very  high  royalty  (amounting 
to  the  value  of  the  platinum  itself)  has  to  be  paid  for  it.  The 
other  advantages  claimed,  viz.  smaller  loss  in  ca.<«e  of  accidents,  less 
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manual  labour,  greater  regularity  of  work  (?),  smaller  consumptiou 
of  platiouiUj  &c.,  all  fall  under  the  same  head.  The  loose  platinum 
dishes  uo  doubt  arc  more  easily  repaired  than  the  close  stills ;  on 
the  other  hand  the  lead  parts  give  all  the  more  occasion  for  repairs. 
The  lead  cooler  of  Faure  and  Kessler  does  not  seem  to  answer 
completely ;  at  least  they  also,  latterly,  recommend  a  platinum 
cooler.  The  distilling  acid  in  the  newest  platinum  stills  is  much 
weaker  (as  we  have  seen  above)  than  that  in  the  Faure-and- Kessler 
apparatus,  which  is  in  favour  of  the  former.  Lastly,  the  platinum 
stills  also  save  all  the  cooling- water  required  in  the  other  apparatus 
for  the  lead  bells. 

In  a  circular  of  February  25th,  1877,  Messrs.  Faure  and  Kessler 
describe  some  important  improvements  now  introduced  by  them, 
without,  however,  giving  any  diagrams.  The  "  Boubaasemcnt " 
with  double  hydraulic  joint,  which  gave  frequent  occasion  for 
repairs,  is  abolished;  the  platinum  dish  is  much  higher  and  itself 
provided  with  an  hydraulic  joint ;  its  sides  arc  exposed  and  thus 
allow  better  joints  to  be  chosen  for  the  exit-tubes;  there  is  an 
overflow-pipe,  kc.  The  preceding  diagram'(fig.  278)  gives  an  idea 
of  this  construction. 

Bode  reports  {in  Dingl.  Journ.  ccxxviii,  p,  249)  on  a  new  plati- 
num apparatus  patented  in  Germany  (No.  1005,  9th  Oct.  1877)  by 
F,  W.Kalbfleisch,  of  London.    The  diagram  (fig.  279)  refers  to  this. 

Fig.  27a 


A  is  a  shallon  box  with  bottom  and  sides  of  sheet  iron,  and  its  top 
made  of  steel  plate,  set  in  asbestos  mortar  or  some  other  badly  con- 
ducting substance;  it  carries  a  shallow  lead  pan,  B,  into  which  the 
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heated  acid  from  C  runs  through  a  siphon  F.  The  depth  of  acid  in 
B  is  not  to  be  above  J  inch.  The  heating  takes  place  by  super- 
heated steam ;  thus  overheating  of  the  pan  by  direct  exposure  to 
the  fire  is  avoided,  and  thin  sheet  lead  can  be  employed.  The 
superfluous  steam  passes  through  G,  and  gives  a  preliminary  heating 
to  the  acid  in  C.  The  remaining  steam  may  be  further  used  for 
heating  the  feed-water  of  the  steam- boilers,  and  may  be  ultimately 
taken  through  T  into  the  lead  chambers.  [The  various  steam- 
pipes  certainly  ought  to  be  provided  with  suitable  apparatus  for 
carrying  off  the  condensed  steam.]  The  condenser  K  is  connected 
with  the  platinum  still  I  by  an  upright  pipe  P ;  this,  as  well  as  the 
higher  situation  of  the  condenser,  is  much  insisted  upon  by  the 
inventor.  The  condenser  discharges  its  acid  immediately  into  the 
lead  chamber,  H ;  this,  however,  is  decidedly  wrong,  as  the  weak 
acid  will  always  float  at  the  top,  causing  the  conversion  of  nitrous 
acid  into  nitric  acid  and  quickly  corroding  the  lead.  Bode  pro- 
poses, instead  of  this,  to  employ  the  steam  for  concentrating  the 
distillate.  Behind  the  platinum  vessel  the  fire  is  in  contact  with 
pipes  for  overheating  the  steam,  which  is  to  be  controlled  by  a 
pyrometer. 

The  platinum  vessel  is  rectangular,  with  an  oval  cover,  slanting 
backwards ;  the  reason  of  this  is,  because  the  vessel  is  fed  with 
acid  in  front  over  the  outlet-pipe  P,  and  most  vapour  is  given  off 
there.  The  whole  bottom  is  directly  exposed  to  the  fire,  and  is 
supported  internally  by  the  cross  girders  L,  soldered  to  the  bottom 
and  the  sides  and  dividing  the  space  into  compartments,  at  the 
bottom  of  which  the  acid  communicates  and  runs  oft'  concentrated 
at  M.  The  outlet-pipe  is  bent  for  a  hydraulic  lute,  the  bend  deter- 
mining the  level  of  acid  within  the  vessel ;  the  shallower  the  acid 
the  more  work  is  done.  The  acid  drawn  off  is  taken  from  the 
bottom  as  usual. 

The  consumption  of  fuel  is  stated  at  less  than  half  that  of  the 
old  platinum  stills.  A  vessel  of  2  ft.  1  in.  x  4  ft.  2  in.  area,  costing 
below  £1250  inclusive  of  cooler,  is  said  to  supply  7  tons  6  cwt.  of 
strong  vitriol  in  24  hours  with  a  consumption  of  less  than  10  cwt. 
of  coals  =  6^  per  cent. 

Bode  points  out  that  the  platinum  vessel  is  difficult  to  clean, 
especially  on  account  of  the  cross  partitions.  If  the  well-known 
ferric  sulphate  should  be  precipitated,  weak  acid  must  be  sent  through 
the  vessel  at  a  moderate  heat ;  but  no  control  can'  be  exercised. 
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The  idea  of  using  the  waste  heat  of  the  platinum  still  for  super- 
heating steam  seems  novel;  but  the  arrangement  for  utilizing 
every  thing  to  the  utmost  is  extremely  complicated  and  will  hardly 
stand  the  test  of  practice  without  dropping  one  thing  or  the  other. 
The  vapours  not  condensed  have  been  taken  into  the  chamber 
already  by  Faure  and  Kessler ;  and  this  Bode  prefers  to  condensing 
them  completely  to  weak  acid,  at  least  when  the  chamber-gas  has 
no  pressure  outwards,  but  suction  inwards. 

An  important  chapter  in  the  concentration  of  vitriol  in  platinum 
is  that  treating  of  the  loss  of  platinum  by  gradual  solution  in  sul- 
phuric acid.  The  first  accurate  observations  on  this  subject  were 
made  by  Scheurer-Kestncr.  He  found  (Hofmann,  '  Report  of  the 
Juries  1862/  p.  16)  that,  even  with  perfectly  pure  sulphuric  acid, 
the  loss  of  platinum  amounted  to  2  grras.  for  each  ton  of  vitriol; 
when  nitrogen  compounds  were  present  in  the  acid,  it  rose  to  4  or 
5  grms.  of  platinum  :  this,  however,  can  be  avoided  by  purification 
with  ammonium  sulphate  (p.  482).  New  stills  lose  less  than  old 
ones  (about  1  grm.),  because  newly  hammered  platinum  is  more 
compact  and  resists  the  acid  better.  The  iridium-platinum  alloy 
of  Dcsmoutis  and  Quennessen  (25  to  30  per  cent,  of  iridium) 
suffers  less  ;  in  an  experiment  a  dish  of  pure  platinum  lost  in  two 
months  1966  per  cent.,  another  of  iridium-platinum  alloy  under 
identical  circumstances  only  8*88  per  cent,  of  its  weight.  Accord- 
ing to  Kcrl-Stohmann's  ^  Chemistry,'  vol.  iv.  p.  1458  (2nd  ed.),  a 
small  still  of  that  alloy  at  Halle,  of  13  gals,  capacity,  with  a  daily 
output  of  12  cwt.  of  vitriol,  stood  very  well.  Yet  the  iridium-pla- 
tinum alloy  has  had  to  be  given  up,  because  it  is  too  brittle;  pure 
platinum,  from  its  toughness,  malleability,  and  capacity  for  welding, 
is  more  durable  in  the  long  run. 

According  to  more  recent  statements  by  Scheurer-Kestner 
(^Comptes  Rendus,'  Nov.  1875)  the  losses  of  the  platinum  still  at 
the  Thann  works  were  as  follows : — during  2  years,  a  small  quantity 
of  nitrogen  acids  being  present,  2*859  grms.  for  1000  kilogs.  strong 
vitriol  of  93  or  94  per  cent.  SO^H^.  In  the  following  year,  the 
nitrogen  acids  having  been  removed  by  ammonium  sulphate,  1'220 
grm.  platinum  for  1000  kilog.  vitriol.  In  the  following  years,  when 
the  vitriol  contained  a  little  sulphurous  acid,  the  loss  of  platinum 
fell  to  0*925  grm.  Small  quantities  of  hydrochloric  acid  in  the 
chamber  make  no  difference  in  the  solution  of  platinum.  This, 
however,  is  done  to  a  large  extent  when  the  strength  of  the  vitriol 


554  SULPHURIC  ACID. 

exceeds  the  ordinary  66°  Baum^  {so-called  170°Tw.,  in  reality  only 
1*83)  of  commerce^  which  contains  at  most  94  per  cent,  of  SO4H2. 
The  loss  in  making  180  tons  of  extra-concentrated  vitriol  with  97 
to  98  per  cent,  of  S04Ha  amounted  to  607-6-65  grms.  platinum 
per  ton,  in  making  102  tons  of  vitriol  of  99^  to  99|  per  cent,  of 
SO4H2  even  8  to  9  grms.;  by  quantitative  analysis  8*38  grms. 
platinum  per  ton  were  actually  found. 

The  above-mentioned  experiments  only  refer  to  the  still  itself; 
but  even  the  accessories  are  subject  to  wear  and  tear^  as  is  shown 
by  the  following  Table  : — 

Original  Weight  after 

weight.  5  years'  use. 

Still 30-346  kilog.  26-450 

Head   7-255     „  7-000 

Siphon     5-689     „  5-520 

SmaU  parts 1075     ,,  1000 


44-365     „  39-970 

39-970 


Loss 4-395 

Since  the  still  itself  had  only  lost  3-896  kilog.  of  metal^  there  was 
a  loss  of  12-8  per  cent,  of  the  other  parts. 

This  nearly  agrees  with  the  statements  mentioned  by  Hasenclever 
(in  Hofmann's  'Report/  1875,  i.  p.  188),  also  originating  from 
Scheurer-Kestner,  according  to  which  the  loss  with  ordinary  acid 
amounts  to  1*92  grm.,  with  acid  containing  SO^  to  1*05  grm.,  for 
1000  kilog. 

According  to  Hasenclever's  own  experiments  (/.  c.)  the  loss  of 
platinum  at  the  Hantmont  works  only  amounted  to  0*252  grm. 
per  ton  of  vitriol  of  1*8  spec.  grav. ;  if,  however,  the  repairs  and 
the  loss  in  renewing  the  apparatus  are  taken  into  account,  the 
expense  amounts  to  1*616  franc  (=1«.  Sd.)  per  ton  of  1*8  sp.  gr. 
At  the  Bhenania  works  the  wear  and  tear  of  platinum  amounts  to 
0-972  grm.  of  platinum,  and  the  total  expenditure  for  still-repairing 
to  close  upon*2«.  per  ton  of  1-8  sp.  gr.  In  both  cases  the  acid  was 
free  from  nitrogen  compounds. 

Quite  recently  (Compt.  Bend.  29th  April  1878)  Scheurer-Kestner 
has  made  experiments  on  the  waste  of  platinum  in  the  preparation 
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of  fuming  oil  of  vitriol.  The  latter  was  made  by  heating  sodium 
pyrosulphate  in  an  earthenware  retort,  lined  inside  with  a  sheet  of 
platinum  soldered  by  itself.  This  weighed  5  kilog. ;  and  after 
preparing  100  kilog.  fuming  oil  of  vitriol  it  had  lost  100  grms. — 
that  is,  1  kilog.  platinum  per  ton  of  acid.  The  platinum  was  found 
in  a  soluble  form  in  the  residual  sulphate  of  soda.  Scheurer- 
Kestner  has  moreover  established  the  fact  that  with  the  modem 
platinum  apparatus  for  making  ordinary  oil  of  vitriol,  whether 
those  of  Faure  and  Kessler,  or  those  of  Desmoutis  and  Co.,  the 
quantity  of  platinum  lost  is  only  one  fourth  of  what  used  to  be  lost 
in  the  former  apparatus,  viz.  only  0*10  grm.  per  ton  for  ordinary 
170°  acid,  and  from  1*0  to  TS  grm.  per  ton  for  acid  of  98-99  per 
cent.  He  ascribes  this,  first,  to  the  much  lower  boiling-point 
caused  by  the  little  depth  of  acid,  and,  secondly,  to  the  much 
smaller  weight  of  platinum;  especially  in  Faure  and  Kessler's 
apparatus  a  much  smaller  platinum  surface  is  in  contact  with  the 
acid  than  formerly. 

In  Knockers  description  of  the  Oker  works  (Dingl.  Joum.  cliv. 
p.  181)  it  is  mentioned  that  formerly  the  platinum  stills  used  to 
be  fired  with  coals,  but  that  wood  had  been  introduced  instead, 
because  the  still  was  found  damaged  in  consequence  of  the  sulphur 
contained  in  the  coals.  Even  by  the  formation  of  carbon-platinum 
the  platinum  may  become  brittle ;  the  fuel,  therefore,  ought  never 
to  come  into  immediate  contact  with  it. 

The  iron  salts  contained  in  the  chamber-acid  in  concentrating 
up  to  170°  Tw.  are  precipitated  as  ferric  sulphate,  which,  being 
insoluble  in  strong  vitriol,  partly  attaches  itself  in  white  crusts  to 
the  vessel,  partly  remains  suspended  in  the  acid  in  shining  flakes ; 
the  precipitate  also  contains  a  little  lead.  When  it  occurs  in  large 
quantities  (which,  however,  only  takes  place  exceptionally,  and 
probably  never  with  pyrites  in  pieces)  it  may  occasion  stoppages 
of  work  and  also  make  the  acid  more  or  less  unsaleable.  This 
especially  happens  when  Glover-tower  acid  is  employed  for  con- 
centration. In  order  to  remedy  this,  Gerstenhofer  suspended  a 
large  porcelain  dish  in  the  still  by  means  of  platinum  wires,  com- 
pletely immersed  in  the  acid,  in  which,  owing  to  the  boiling  move- 
ment, all  crusts  &c.  collect.  It  is  therefore  only  necessary  to  take 
out  the  dish  from  time  to  time,  which  can  be  done  very  quickly 
(Bode,  Beitrage,  1872,  pp.  50,  51).  This  arrangement  seems  to 
have  been  introduced  in  very  few  places. 
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Other  Methods  for  Concentrating  Sulphuric  Acid. 

Such  methods  have  been  mentioned  already  in  several  places — 
for  instance^  Seckendorff's  cast-iron  retorts  (p.  507) ,  Clough's  lead 
pans  cooled  by  water  (p.  492),  Hemptinne's  lead  vacuum-pans 
(p.  513)  and  his  apparatus  with  superheated  steam  (p.  511)^  and 
Stoddart's  lead  pan  with  a  current  of  air  (p.  506) . 

Boder  (Dingl.  Journ.  cxi.  p.  397)  proposed  enamelled  cast-iron 
boilers,  and  indicated  a  special  kind  of  enamel  for  them  :  1  part  of 
powdered  burnt  alum,  4  parts  of  red  lead,  and  2  parts  of  pure 
silica  are  to  be  melted  toother ;  the  fluxed  mass  is  to  be  cooled  in 
water,  dried,  powdered,  and  15  parts  of  it  intimately  mixed  with 
20  parts  of  pure  silica  and  3  parts  of  tin  oxide.  The  whole  is 
ground  up  with  spirit  of  turpentine,  laid  with  a  soft-hair  brush  on 
the  smoothly  turned  inner  surface  of  the  boiler ;  and  this  is  re- 
peated three  or  four  times,  each  coat  being  allowed  to  dry  first. 
The  enamel  is  then  fixed  by  fusing  on  as  usual.  Even  the  best 
enamel  will  certainly  resist  only  a  very  short  time  the  boiling 
vitriol  and  the  uneven  expansion  and  contraction  of  metal  and 
enamel  at  the  very  greatly  differing  temperatures  which  occur 
here. 

Gossage  (Patent  of  1850,  Hofmann's  '  Report  of  the  Juries/ 
1862,  p.  17;  Muspratt's  ^Chemistry,'  ii.  p.  10 i7)  allows  the  acid  to 
meet  a  current  of  hot  air  in  a  chamber  filled  with  pebbles.      His 
apparatus  consists  of  two  parts  (figs.  280  and  281),  one  of  which 
serves  for  heating  the  air,  the  other  for  evaporation.     The  first 
object  is  effected  by  16  iron  tubes,  a  a,  open  at  top  and  bottom, 
surrounded  by  the  fire  from  /;,  which  comes  to  them  by  the  flue  c. 
The  flame  travels  downwanls  in  the  direction  of  the  arrows,  and 
escapes  through  d  into  the  chimney.    The  cold  air  enters  the  tubes 
a  a  from  below  through  an  arch,  e,  and  leaves  them  at  /,  strongly 
heated ;  it  passes  through^  andy  into  the  concentrating- apparatus. 
This  consists  of  two  concentric  cylinders,  h  h,  of  ^-in.  lead,  leaving 
a  space,  i  i,  between  them ;  at  the  bottom  they  are  burnt  to  a  lead 
plate.     The  inner  cylinder  is  closed  at  the  top,  except  in  the  centre, 
where  it  ox)ens  into  the  pipe  j ;   its  inner  space  is  three-fourths 
filled  with  pebbles.     When  the  iron  tubes  have  been  brought  to 
a  red  heat,  the  acid  to  be  concentrated  is  run  onto  the  cover  of  the 
inner  cylinder;  it  first  fills  the  space  between  the  two  cylinders, 
and  then  flows  through  the  tubes  k  k,  loosely  covered  by  dishes. 
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into  the  iuiier  cylinder,  where  it  spreads  over  the  pebbles.    The 
hot  air  entering  through  gj,  being  in  immediate  contact  vith  the 


vitriol,  evaporate.i  the  latter  quickly,  and  groes  through  L  into  the 
chimney,  charged  with  steam  [and  acid  vapour] .  The  acid  be- 
comes more  and  more  concentrated  as  it  gets  lower  down ;  and 
with  a  proper  relation  between  the  temperature  of  the  air  and  the 
supply  of  acid,  the  latter  can  be  drawn  off,  highly  concentrated,  by 
the  pipe  M.  The  space  i  i  both  serves  for  a  preliminary  heating  of 
the  vitriol  and  for  protecting  the  lead  cylinder.  This  apparatus 
has  never  come  into  use ;  its  faults  are  the  following :— The  tix 
must  be  made  nearly  red-hot ;  and  thus  the  upper  lead  pipe  always 
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melts ;  the  air^  chained  with  vapour,  travels  in  the  same  direction 
as  the  vitriol,  and  therefore  again  gives  up  its  water  to  the  latter 
as  it  becomes  more  highly  concentrated ;  all  acid  escaping  along 
with  the  hot  air  is  lost  in  the  chimney.  Although  some  of  these 
faults  might  be  avoided  by  changing  the  details  of  construction, 
the  apparatus  seems  never  to  have  been  employed  in  practical 
work. 

Oossage's  plan  with  heated  air  has  been  re-invented  by  Cotelle, 
without  any  additions  (Chemical  News,  xx.  p.  107)* 

Packages  for  Sulphuric  Acid, 

Sulphuric  acid  is  mostly  sent  out  in  large  glass  bottles  or  carboys 
of  about  15  gallons  capacity,  packed  in  baskets  with  straw,  the 
projecting  necks  being  still  further  protected  by  straw  ropes.  They 
are  closed  by  earthenware  stoppers  dipped  in  melted  brimstone  and 
put  in  quickly  before  the  sulphur  has  solidified.  Mostly  damp 
clay  is  put  round  the  top,  and  a  linen  rag  is  tied  all  over  it.  Often, 
especially  for  short  distances,  the  brimstone  is  omitted.  The  baskets 
only  last  a  short  time  when  exposed  to  the  weather  and  the  damp 
soil,  and  especially  when  any  acid  gets  at  them.  This  last  is  some- 
times diflKcult  to  avoid ;  after  once  using,  a  few  drops  of  acid  run 
down  the  neck  of  the  carboy  and  find  their  way  to  the  bottom  of 
the  basket ;  and  the  floor  of  the  warehouse,  where  they  are  placed, 
is  not  easily  kept  entirely  free  from  acid.  Therefore  the  bottom 
of  the  basket  is  damaged  first ;  and  on  lifting  the  carboy  the 
bottle  filled  with  acid  forces  out  the  bottom  of  the  basket  by  its 
weight  and  falls  through.  For  this  reason  a  damaged  basket  ought 
never  to  be  sent  out ;  some  works  go  upon  the  principle  of  always 
packing  the  returned  carboys  in  fresh  baskets.  The  baskets  stand 
much  longer  when  they  are  dipped  two  thirds  of  their  height  iu 
coal-tar.  In  England,  baskets  made  of  stout  iron  wire  or  of  thin 
hoop  iron  are  frequently  met  with,  protected  against  quick  rusting 
by  a  thick  coating  of  coal-tar.  In  the  north  of  England  frequently, 
sometimes  also  in  Germany,  carboy-tubs  are  used,  made  of  small 
staves,  tapering  a  little  downwards,  and  bound  with  iron  hoops ; 
the  bottle  is  put  in,  packed  in  straw,  with  only  its  neck  projecting ; 
a  circular  cover,  provided  with  a  hole  for  the  bottle-neck,  is  put  on 
and  fixed.  These  tub-carboys  are  rather  clumsy  and  somewhat 
dearer  than  basket-carboys,  but  much  more  durable;  and  they 
afibrd  the  great  advantage  that  railways,  barges,  &c.  carry  them  in 
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two  tiers  one  above  the  other,  which  they  never  do  with  basket- 
carboys. 

In  America,  cubical  cases  are  employed,  kept  together  by  iron 
hoops ;  the  bottles  are  put  in  with  sea-weeds ;  they  cost  one  third 
of  a  dollar  per  cwt.  (Goldschmiedt,  Austrian  Report  upon  the 
Philad.  Exhib.  vii.  p.  10).  In  France,  and  also  at  Aussig  in 
Bohemia,  stoneware  jars  of  the  size  of  ordinary  glass  carboys,  and 
of  the  same  clay  as  is  used  for  "bombonnes^^  (acid-receivers),  are 
frequently  employed ;  these  can  be  moved  about  at  the  works 
without  baskets,  but  must  be  put  into  baskets  for  sending  out.  At 
Beauvais,  where  they  are  made,  they  cost  1^  franc  each. 

In  spite  of  all  precautions,  it  frequently  happens  that  glass  car- 
boys get  cracked,  either  in  handling  or  by  the  jolting  of  railway- 
trucks  ;  and  the  acid  running  out  is  not  merely  lost,  but  often  does 
a  great  deal  of  damage.  The  railway  and  steamboat  companies 
accordingly  will  only  accept  acids  (vitriol,  as  well  as  other  mineral 
acids  sent  in  carboys)  at  the  sender's  risk,  or  else  at  very  high  rates 
for  carriage,  and  only  send  them  by  certain  trains.  Under  all  cir- 
cumstances, on  account  of  the  bulky  nature  of  this  merchandise,  a 
very  much  higher  rate  is  charged  for  its  conveyance  than  corre- 
sponds to  its  weight.  A  truck  which  carries  10  tons  of  goods  in 
casks  can  only  carry  about  2^  tons  of  vitriol  in  carboys.  The 
additional  cost  of  carriage  is  therefore  in  direct  proportion  to  the 
accompanying  dead  weight  and  bulk  ;  and  as  such  the  water  must 
be  regarded  which  is  contained  in  acid  of  144°  Tw.  (brown  vitriol) 
over  and  above  that  in  strong  vitriol. 

The  cost  of  packages  also  amounts  to  a  good  deal.  It  differs 
very  much,  according  as  the  situation  is  more  or  less  convenient 
for  purchasing  the  bottles  &c. ;  but  it  will  hardly  ever  be  under  £2 
per  ton  of  real  acid,  and  is  much  higher  for  brown  vitriol  containing 
78  per  cent,  of  SO4H2  than  for  strong  vitriol  with  93  per  cent,  of 
SO4H2.  To  be  sure,  the  empties  are  mostly  returned ;  but  there 
is  always  much  breakage,  and  for  longer  distances  the  return-car- 
riage is  too  dear. 

It  follows  from  this  that  it  will  only  pay  for  a  certain  distance, 
differing  very  much  according  to  local  circumstances,  to  send  out 
brown  vitriol  of  14rl°-152°  Tw. ;  when  the  distance  exceeds  that 
limit,  the  extra  cost  of  packages  and  transit  becomes  equal  to  or 
more  than  the  cost  of  extra  concentration,  and  the  consumers 
prefer  to  buy  strong  vitriol  of  170°  Tw.     It  cannot  be  denied  that 
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frequently  old  habit  or^  more  strictly  speaking,  ignorance  canses 
consumers  to  buy  acid  of  170°  when  acid  of  144°  would  be  cheaper 
for  them.  On  the  other  hand^  of  late  years  acid  of  144°  has  been 
sent  very  much  longer  distances  than  formerly  by  means  of  canal- 
boats  lined  with  lead,  or  lead  cylinders  mounted  on  railway  trucks, 
instead  of  carboys.  Evidently  this  can  only  be  done  in  the  case 
of  buyers  who  can  not  only  take  a  whole  boatload  or  truckload  at 
a  time,  but  also  empty  it  at  once  in  order  to  return  the  vessels. 
The  Oker  works  send  out  most  of  their  chamber-acid  and  brown 
vitriol  in  lead  cylinders  holding  7i  tons,  but  the  strong  vitriol  in 
glass  carboys. 

Balmain  and  Menzies  have  taken  out  a  patent  for  conveying 
vitriol  safely  and  cheaply  in  iron  vessels,  provided  that  it  is  not 
below  130°  Tw.,  that  the  outer  air  is  excluded,  and  that  the  vitriol 
contains  no  impurities  acting  on  the  iron.  In  America,  indeed, 
concentrated  sulphuric  acid  and  even  nitric  acid  are  supplied  to 
the  nitroglycerine -makers  in  the  same  large  sheet-iron  drums  in 
which  the  glycerine  has  been  imported  from  France  (Goldschmiedt, 
/.  c.  p.  10). 

On  the  Rhine,  copper  cylinders  are  generally  used  for  this  pur- 
pose, sometimes  also  sheet-iron  cylinders,  with  the  precautions 
mentioned  by  Balmain  and  Menzies;  there,  however,  144°  Tw.  is 
the  lowest  limit  of  strength. 
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CHAPTER  XIV. 

ARRANGEMENT  OF  THE  APPARATUS  OF  SULPHURIC-ACID 

WORKS. 


Although  it  is  obvious  that  no  general  rules  can  be  laid  down 
for  this,  perhaps  a  few  remarks  upon  it  will  not  be  out  of  place. 
Of  course  the  arrangement  of  acid-works  depends^  first,  upon 
whether  they  are  only  to  supply  chamber-acid  or  strong  acid.  In 
the  latter  case,  if  no  Glover  tower  or  no  pans  on  the  pyrites- 
burners  are  present,  space  is  needed  for  concentrating  to  144°  Tw., 
and  at  all  events  for  the  last  concentration  of  the  acid.  If  this  is 
effected  in  glass  retorts,  there  must  be  in  any  case  a  special  house 
provided  for  this  purpose,  with  a  tight  roof,  double  doors,  &c.,  as 
previously  described.  The  platinum  apparatus,  however,  according 
to  any  of  the  systems  described  in  the  last  chapter,  can  be  placed 
anywhere,  as  they  take  very  little  room.  If  the  chambers  placed 
are  high  enough,  there  is  no  reason  why  all  the  concentrating-ap- 
paratus,  even  the  glass-retort  house,  should  not  be  put  underneath 
them,  although  the  same  space  will  not  be  available  for  storage  of 
ore,  acid-carboys,  &c. ;  but  no  general  rules  can  possibly  be  laid 
down  for  this. 

Without  taking  any  further  notice  of  the  last  concentration  of 
the  sulphuric  acid,  we  remark  as  follows  on  the  arrangement  of  the 
remaining  apparatus.  The  lowest  level  is  always  occupied  by  the 
pyrites-  (or  brimstone-)  burners  j  only  there  must  be  space  left  for 
wheeling  away  the  cinders.  Accordingly  the  burners  are  always 
erected  on  the  ground-level ;  and  the  stone-breakers,  if  present, 
are  mostly  found  on  the  same  level.  The  pyrites  in  large  works 
arrives  on  a  railway  resting  on  trestles  (gears)  and  is  tipped  between 
the  trestles,  in  order  to  be  taken  away  as  it  is  wanted,  to  be  broken 
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and  laid  in  front  of  the  kilns.  Where  the  supply  of  ore  is  quite 
regular^  the  stone-breaker  ean  be  disposed  so  that  the  ore  will  pass 
direet  from  the  railway-trucks  through  the  breaker,  aud  arrive 
broken  on  the  ground-level,  thus  saving  labour.  AVhere  the  ore 
is  broken  by  hand,  or  where  it  arrives  in  large  and  irregular 
parcels,  this  cannot  be  done  very  well. 

Unbroken  pyrites,  especially  non-cupreous,  can  be  stored  in  the 
open  air  without  much  damage  ;  but  after  breaking  it  ought  to  be 
protected  from  the  rain.  It  is  sifted  directly  after;  the  dust  is 
stored  apart  from  the  lumps ;  and  both  are  taken  to  the  burners 
across  a  weighing-machine.  The  breaking,  sifting,  and  storing  of 
the  broken  pyrites  nearly  always  takes  place  underneath  the  cham- 
bers. Where  these  are  high  enough  above  the  ground,  the  burners 
themselves  are  also  placed  beneath  them ;  otherwise  they  are  erected 
in  a  separate  shed  immediately  adjoining.  Any  cooling-pipes  or 
tunnels  are  arranged  along  the  side  or  on  the  top  of  the  chambers. 
Where  the  burners  are  built  under  the  chambers,  the  outer  pillars 
of  these  must  be  connected  by  a  light  wall,  to  keep  the  wind  off  the 
burners. 

The  nitre-ovens  are  nearly  always  built  at  the  end  of  each  set  of 
burners  and  as  a  continuation  of  it. 

The  steam-boiler  is  also  sometimes  placed  under  the  chambers ; 
it  is  better  to  put  it  in  a  shed  outside,  both  in  order  not  to  injure 
the  timber  of  the  chamber-bottom  by  steam  leaking  or  blowing  out 
of  the  safety  valves,  and  to  save  the  boiler  plate  from  being  corroded 
by  any  accidental  droppings  of  acid.  In  case  of  an  explosion  the 
damage  will  then  not  be  quite  so  serious  as  if  the  boiler  stood 
directly  under  the  chambers. 

As  the  burners  are  built  on  the  ground-level,  as  the  chambers 
arc  in  any  case  erected  at  a  certain  height  above  it,  and  as  the  gas- 
pipe  also  enters  into  the  upper  part  of  the  chamber,  the  gas-pipe 
must  necessarily  rise  a  good  deal;  and  the  conditions  of  draught 
are  thus  satisfied. 

If,  however,  a  Glover  tower  is  to  be  used,  it  must  be  placed 
between  the  burners  and  the  chambers.  Sometimes  a  few  burners 
are  set  aside  for  working  the  nitre-ovens  by  their  heat  and  taking 
the  nitre-gas  direct  into  the  first  chambers ;  generally  this  is  not 
done,  but  each  set  of  burners  is  followed  by  the  nitre-ovens  and 
then  by  the  Glover  tower.  Where  liquid  nitric  acid  is  employed, 
the  nitre-oven  is  simply  left  out.    The  Glover  tower  itself  must  be 
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placed  with  its  base  rather  higher  than  the  top  of  the  gas-channel 
over  the  burners,  so  that  the  gas  need  not  descend  in  order  to  enter 
the  tower.  It  is  also  desirable  that  the  gas  issuing  from  the  tower 
should  be  led  to  the  chamber  through  a  horizontal  or,  still  better, 
slightly  ascending  pipe.  From  this  it  follows  that  the  base  of  the 
chambers  themselves  must  be  sufficiently  elevated  to  allow  this. 
If,  for  instance,  the  top  of  the  Glover  tower  (apart  from  the  acid- 
tanks)  is'  36  feet  above  the  ground,  and  the  chambers  themselves 
arc  20  feet  high,  the  latter  ought  to  be  founded  on  pillars  at  least 
20  feet  high,  so  that  the  gas-pipe  coming  from  the  tower  can  still 
enter  the  chamber  below  the  top  of  the  chamber.  If  this  cannot 
be  done  (if,  for  instance,  a  Glover  tower  has  to  be  put  to  a  set  of 
chambers  already  built),  the  gas  must  be  taken  downwards,  which 
will  involve  a  somewhat  complicated  construction  of  the  chamber- 
top  joists,  by  no  means  contributing  to  their  stability.  On  the 
other  hand,  the  chambers  are  sometimes  placed  so  high  that  the 
top  of  the  Glover  tower  is  below  their  bottom,  and  the  chamber- 
acid  can  be  run  directly  into  the  tower.  This  is  done  at  a  few 
English  and  at  the  Oker  works. 

The  chambers,  as  mentioned  before,  are  either  arranged  so  that 
their  floors  are  all  at  the  same  level,  or  so  that  each  following 
chamber  is  from  1  to  3  inches  higher  than  the  preceding  one.  A 
greater  difierence  is  not  necessary,  but  is  sometimes  found  for  local 
reasons.  From  the  last  chamber  issues  a  pipe  connecting  it  with 
the  Gay-Lussac  tower,  which  can  only  exceptionally  be  placed  on 
a  foundation  so  elevated  that  this  pipe  need  not  descend — certainly 
a  preferable  arrangement  if  the  levels  permit  it.  Provision  must 
also  be  made  for  interposing  a  long  cooling-channel  between  the 
last  chamber  and  the  Gay-Lussac  tower. 

In  any  case  the  Gay-Lussac  and  Glover  towers  ought  to  be 
combined  into  a  set,  with  the  necessary  tanks,  air-pump,  acid-eggs, 
&c.  arranged  at  the  foot,  by  which  the  attendance  will  be  much 
facilitated.  In  large  works  with  several  sets  of  chambers  it  is  pre- 
ferred rather  to  combine  several  Glover  towers,  and  in  any  case 
several  Gay-Lussac  towers,  to  form  a  set. 

Although  it  is  of  course  impossible  to  lay  down  a  universal  plan 
for  building  sulphuric-acid  works,  a  generally  suitable  arrangement 
is  shown  in  figs.  282  &  283. 

Here  no  account  is  taken  of  the  concentration  up  to  170°  Tw. 
If  done  in  platinum,  it  takes  very  little  space,  and  room  is  easily 
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found  for  it.  Further,  in  order  to  make  the  diagram  clearer,  the 
pyrites-burners  are  not  assumed  to  be  placed  underneath  the  cham- 
bers ;  that  place  will  be  easily  utilized  for  storing  pyrites,  coals, 
carboys,  &c.,  or  else,  if  it  is  to  be  used  for  the  kilns  or  other  appa- 
ratus, the  arrangement  can  easily  be  modified  to  suit  this.  As  the 
plan  is  only  meant  for  a  block  plan,  only  the  essential  parts  are 
iadicated  :  in  particular,  the  chambers  are  only  sketched  in  section; 
the  other  apparatus  are  shown  as  viewed  from  above.  The  sectional 
elevation,  fig.  283,  follows  the  lines  P  Q 11 S  T  U  of  the  plan. 

The  whole  begins  with  the  pyrites -burners,  A  A  B  B,  of  which  16 
are  present,  in  two  rows  built  back  to  back.  It  will  be  preferable 
to  move  these  burners,  represented  here  as  contained  in  a  shed  of 
their  own,  further  away  from  the  chambers  than  they  are  drawn 
here,  in  order  to  get  10  feet  or,  better,  13  feet  of  space  for  charging. 
If  the  burners  are  underneath  the  chambers,  there  will  anvhow  be 
room  for  this.  We  assume  here  that  12  of  the  burners  (A  A)  send 
their  gas  directly  into  the  Glover  tower,  and  4  of  them  (B  B)  into 
the  nitre-oven  C,  in  which  there  are  two  semicylindcrs  for  receiving 
the  mixture  of  nitrate  and  vitriol.  If  liquid  nitric  acid  is  used, 
there  is  no  nitre-oven,  and  the  burners  all  communicate  directly 
with  the  Glover  tower,  in  which  the  nitric  acid  is  run  down  along 
with  the  other  acids.  The  cast-iron  pipe  a  takes  the  gas  from  A  A 
to  the  Glover  tower,  and  the  lead  pipe  b  from  this  to  the  chamber. 
From  the  nitre-oven  the  gas  first  ascends  in  a  vertical  metal  pipe  c 
in  order  to  be  cooled  and  to  enter  the  chamber  through  the  elbow- 
pipe  c'.  The  currents  of  gas  from  b  and  c  cannot  check  each  other, 
as  they  enter  in  the  same  direction,  and  as  the  steam -jet  i  enters 
between  them.  Still  the  arrangement  as  drawn  is  not  without  fault : 
the  metal  pipe  c  from  C  must  be  continued  into  a  lead  pipe  c',  which 
is  easily  damaged  by  overheating,  especially  at  the  joint  between 
metal  and  lead ;  and,  on  the  other  hand,  if  the  pipe  is  cooled,  sul- 
phuric and  nitric  acids  arc  condensed  to  the  liquid  state,  flow  down 
the  metal  pipe  and  destroy  it.  For  this  reason  most  works  do  not 
proceed  as  shown  in  the  diagram,  but  allow  the  gas  from  all  the 
pjrrites-bumers  to  pass  through  the  nitre-oven  and  then  into  the 
Glover  tower.  The  fear  at  first  entertained  that  the  nitre-gas 
might  be  partially  destroyed  in  the  tower  has  been  long  since 
refuted  by  experience. 

From  the  first  chamber,  E,  the  gas  travels  through  d  into  the 
second  chamber,  F,  and  thence  through  e  into  the  last  chamber,  G ; 
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from  this  through  the  pipe  /  and  its  long  continuation  g^  into  the 
Gay-Lussac  tower,  H.  The  latter  stands  alongside  the  Glover 
tower ;  both  have  a  common  platform  at  the  top ;  and  close  to  them 
are  the  tanks,  acid-eggs,  &c.  The  great  length  of  the  pipe  g  is 
desirable  simply  for  cooling  the  gas  before  it  enters  the  Gay-Lussac 
tower,     y  is  a  "  sight  ^'  for  observing  the  colour  of  the  gas. 

The  three  chambers  arc  drawn  as  100  ft.  x  20  ft. ;  and  if  they  are 
taken  as  20  ft.  high,  their  cubic  contents  will  amount  to  120,000 
cubic  feet.  In  the  16  burners  5^  tons  daily  of  48-per-cent.  pyrites 
can  be  burnt,  which  represents  rather  more  than  20  cubic  feet  of 
chamber-space  for  each  pound  of  sulphur  contained  ia  the  pyrites 
charged  (not  burnt) .  This  is  fully  sufficient ;  and  even  10  per  cent, 
more  pyrites  might  be  burnt  without  doing  any  harm  whatever. 
The  Glover  tower  is  8  ft.  10  in.  x  8  ft.  10  in.  x  30  ft.,  the  Gay- 
Lussac  tower  6  ft.  in  diameter  and  45  ft.  high.  The  steam  is  fur- 
nished by  two  boilers  I  and  K,  of  which  I  works  with  low-pressure, 
K  with  high-pressure  steam ;  instead  of  the  latter,  of  course,  a  pipe 
may  be  taken  to  the  chambers  from  the  principal  steam-boilers  of 
the  factory,  if  there  are  more  boilers  there.  The  low-pressure  steam 
from  I  travels  through  the  pipes  h  A,  and  at  t,  k^  and  /  (fig.  282) 
sends  jets  into  the  three  chambers,  always  in  the  direction  of  the 
draught;  just  for  this  reason  it  is  not  too  quickly  condensed  and 
supplies  also  the  opposite  chamber-end,  either  in  the  state  of  vapour 
or  of  mist.  The  high-pressure  steam  from  K  only  supplies  the  air- 
pump,  L,  through  m ;  the  exhaust-steam  from  the  steam-cylinder 
enters,  through  n  and  the  stop-valve  o,  the  low-pressure  main,  h  h, 
and  is  utilized  there.  In  order  to  be  able  to  use  the  steam  from  K 
directly  for  the  chambers  in  case  of  I  being  under  repair,  there  is  a 
communication-pipe  with  a  usually  closed  valve,  p. 

The  pumping  of  the  acids  is  done  in  the  following  way.  From 
the  Gay-Lussac  tower,  H,  the  nitrous  vitriol  runs  into  the  lead- 
lined  tank  Niv  through  the  lead  pipe  t  or  through  an  open  lead 
spout,  which  is  not  so  easily  stopped  up.  The  strong  acid  from 
the  Glover  tower  runs  through  the  open  spout  8  into  the  tubular 
cooler  O  (comp.  p.  405),  or  simply  through  a  small  tank  provided 
with  a  lead  worm  for  cold  water  (p.  406),  and  from  the  other  end 
enters  the  dividing-box  u,  so  that  it  can  be  let  run  into  either  the 
tank  Ni  or  Nn.  The  former  serves  for  storing  the  acid  required 
for  working  the  Gay-Lussac  tower,  which  must  be  especially  strong 
and  well  cooled ;  it  is  raised  to  the  necessary  height  by  means  of 
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the  pressure-valve  r  (p.  396),  the  acid-egg  M  (p.  395),  and  the 
delivery-pipe  w,  and  arrives  in  the  cistern  z  on  the  top  of  the  tower 
H,  The  strong  acid  intended  for  sale  or  use  is  run  into  the  tank 
Nil ;  it  generally  need  not  be  quite  as  strong  nor  (for  use)  cooled, 
and  can  be  diluted  in  Nn  with  chamber-acid  which  arrives  from  the 
first  chamber  through  the  pipe  v.  Usually,  however,  the  latter  goes 
to  the  tank  Nm,  from  which  it  is  raised  to  the  top  of  the  Glover 
tower  by  means  of  the  valve  r^,  the  acid-egg  !Mi,  and  the  pipe  x\ 
there  it  is  kept  in  one  of  the  two  cisterns  y^  or  yw,  the  other  of  these 
getting  nitrous  acid  from  Nrv,  which  is  pumped  up  by  the  same 
apparatus.  The  pipe  </,  coming  from  the  air-pump,  conducts  com- 
pressed air  alternately  into  the  two  acid-eggs,  one  of  these  always 
working  whilst  the  other  one  is  getting  filled.  The  arrangement 
as  drawn,  with  two  acid-eggs,  four  tanks  of  10  x  10  x  7  feet,  and  a 
tubular  cooler  of  the  size  shown,  is  quite  sufficient  for  two  sets  of 
chambers;  the  second  set  might  be  symmetrically  joined  to  the 
first,  so  that  the  Gay-Lussac  and  Glover  towers,  standing  in  a  line 
with  H  and  D,  could  be  served  from  the  same  platform.  Also  the 
steam-boilers,  if  large  enough,  would  suffice  for  both  sets.  In  large 
works  it  is  preferred  to  have  all  the  chambers  in  a  continuous  row 
without  any  gap  between  them ;  this  is  attained  by  placing  the 
apparatus  L,  M,  N,  O  underneath  the  chambers,  which  is  easily 
done,  as  they  have  no  great  height.  Then,  of  course,  the  steam- 
boilers  I  and  K  must  either  be  also  placed  underneath  the  chambers, 
or  erected  a  little  further  out.  In  the  design  here  represented  the 
idea  is  that  one  man  attends  to  the  firing  of  the  boilers,  to  the  air- 
pump,  L,  and  to  all  the  pumping-apparatus  and  cisterns,  which  is 
easily  done,  especially  if  the  boilers  are  fired  from  the  side  nearest 
to  the  pump  L.  If  it  is  also  preferred  to  build  all  the  pyrites-kilns 
A  B  in  a  row,  they  can  be  placed  on  the  side  of  the  towers  opposite 
to  the  chambers ;  the  gas  would  then  enter  the  Glover  tower  at  a 
and  leave  it  at  /3,  which  would  provide  a  very  straight  path  for  it. 
This  arrangement  will  come  of  itself  if,  as  mentioned  above,  the 
burners  be  placed  about  7  feet  further  away  from  the  chambers,  in 
order  to  gain  more  working-space  for  them. 
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CHAPTER  XV. 

YIELDS  AKD  COSTS  OF  SULPHUEIC-ACID  MANUFACTIJRE. 

In  calculating  the  cost  of  manufacturing  sulphuric  acid,  we  must 
take  into  account  the  following  factors : — 

Cost  of  raw  material  (brimstone  or  pyrites) ; 

Consumption  of  nitrate ; 

Consumption  of  fuel ; 

Wages; 

Wear  and  tear  of  apparatus ; 

Interest  on  capital,  general  expenses,  &c.; 

Yield  of  sulphuric  acid. 

The  last  is  the  most  decisive  factor ;  for  the  others  (excepting 
the  consumption  of  nitre)  only  to  a  small  extent  depend  on  the 
carefulness  of  the  manufacturer,  the  suitability  of  the  apparatus, 
&c.  We  will  therefore  in  the  first  place  inquire  into  the  consump^ 
tion  of  nitre  and  the  yield.  We  are  here  met  at  the  outset  by  the 
diflSculty  of  comparing  the  statements  from  different  sources, 
arising  from  different  fundamental  quantities  being  taken  as  the 
basis  of  the  calculation.  Some  calculate  all  the  sulphur  contained 
in  the  charge,  others  only  that  portion  which  has  actually  been 
burnt,  not  taking  into  account  the  sulphur  left  in  the  cinders. 
The  latter  way  of  calculating  is  more  rational  in  theory ;  but  in 
practice  it  is  less  useful  than  the  former.  For  it  is  known  with 
perfect  accuracy  how  much  pyrites  and  how  much  sulphur  con- 
tained in  it  has  been  put  into  the  burners ;  but  as  the  percentage 
of  sulphur  in  the  cinders  varies,  it  is  not  known  precisely  how 
much  has  been  burnt.  Besides  the  question  is  not  only  how  the 
chamber  process  itself  works,  but  also  how  the  burning  has  been 
done,  on  which  the  smaller  or  larger  residue  of  sulphur  in  the 
cinders  depends. 
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In  the  following  we  shall  reduce  all  statements,  so  far  as  it  can 
be  done  from  the  sources,  to  sulphur  contained  in  the  charge.  The 
consumption  of  nitre  is  stated  sometimes  in  percentages  of  pure 
sodium  nitrate,  sometimes  in  percentages  of  commercial  nitrate; 
and  in  the  latter  case  either  95,  96,  or  97  per  cent,  is  assumed. 
Here  also  we  have  a  source  of  uncertainty  and  divergence,  although 
not  of  such  importance  as  that  just  mentioned.  To  each  part  of 
sodium  nitrate  correspond  63*53  parts  of  NgOg  or  74.12  parts  of 
NOgH  or  134-76  of  nitric  acid  of  134  sp.  gr.  (at  15°  C),  the 
strength  usually  employed  in  vitriol- works. 

The  worst  confusion  prevails  regarding  the  calculation  of  the 
yield  of  sulphuric  acid.  Some  state  it  in  terms  of  chamber-acid  of 
50^  Baume  (  =  106°  Tw.),  some  a^  60°  Baume  (  =  14i°  Tw.),  some 
as  commercial  170''Tw.  (  =  66°  Baume),  some  as  real  monohydrate; 
what  is  worse,  the  reduction  upon  these  terms  is  made  by  very 
varying  and,  in  part,  quite  erroneous  tables  (comp.  p.  28)  ;  and 
frequently  it  is  quite  uncertain  whether  by  "oil  of  vitrior*  (O.  V.) 
or  ''  acid  of  170°  Tw. "  an  acid  of  93  to  94,  or  one  of  96  to  98,  or 
one  of  100  per  cent.  SO4H2  is  meant.  In  the  following,  so  far  as 
the  sources  permit,  all  statements  will  be  reduced  to  the  only 
rational  term,  that  of  monohydrate,  SO4H2. 

Frequently,  at  works  where  none  of  the  sulphuric  acid  is  sold, 
but  the  whole  is  used  for  making  salt-cake,  the  yield  is  calculated 
indirectly,  from  the  quantity  of  common  salt  decomposed  by  it, 
according  to  more  or  less  arbitrary  assumptions  regarding  tlie 
quantity  of  sulphuric  acid  consumed  for  decomposing  a  unit  of  salt. 
Thus  several  large  manufacturers,  working  with  open  roasters, 
assume  a  consumption  (and  consequently  a  make)  of  81*33  parts 
of  S04H^  to  each  100  parts  of  common  salt.  Now  in  muffle  fur- 
naces (blind  roasters)  decidedly  less  vitriol  is  consumed  than  in 
open  roasters;  and  yet  a  large  Alsatian  maker,  using  blind  roasters 
only,  assumes  a  consumption  of  74  per  cent,  of  vitriol  of  66°  Baume 
on  the  sulphate,=85*8  per  cent,  on  the  salt,  or  80*8  per  cent,  of 
real  SO4H3  on  the  salt,  which  is  all  but  equal  to  the  above-named 
figure.     This  proves  the  uncertainty  of  such  bases  of  calculation. 

Consistently,  several  English  works  have  latterly  given  up  cal- 
culating the  yield  of  sulphuric  acid  altogether ;  they  only  state 
the  yield  of  salt-cake  upon  the  pyrites  burnt,  or  upon  the  sulphur 
contained  therein. 

Often  no  mention  is  made  whether  that  portion  of  the  sulphuric 
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acid  employed  for  the  decomposition  of  nitre,  which  leaves  the 
factory  in  the  shape  of  acid  sulphate,  has  been  allowed  for  in  the 
calculation.  We  do  this  in  the  following,  wherever  it  can  be  done 
from  the  sources. 

Of  course  the  following  enumeration  does  not  contain  all  and 
eveiy  statement  of  the  kind  scattered  in  innumerable  publications, 
but  only  so  much  as  suffices  for  forming  a  good  idea  of  the  state 
of  matters. 

I.  Consumption  of  Nitre. 

1.  For  Bnmstone  Acid, 

(a)    Without  Recovery  of  the  Nitre-gas. 

To  100  parts  of  brimstone  charged : — 6  to  9  parts  (Knapp,  Chem. 
Technologic,  1866,  i.  pp.  2,  298) ;  at  least  6,  sometimes  7^  parts 
(Schwarzenberg,  /.  c.  p.  400) ;  6  to  8  parts  (Payen,  Precis,  1877,  i. 
p.  322);  7  to  8  parts  (Scheurer-Kestner,  inWurtz'sDict.  de  Chim. 
iii.  p.  158) ;  8*9  parts  (Stevenson  and  Williamson,  in  Richardson 
and  Watts^s  Chem.  Technol.  iii.  p.  318) ;  10  parts  (Wright,  Chem. 
News,  xvi.  p.  93) . 

(b)  Kecovering  the  Nitre-gas. 

4  to  5  parts  (Knapp,  /.  c.) ;  3  parts  (Schwarzenberg,  /.  c.  p.  401); 
5  parts  (Payen,  p.  322) ;  3  to  4  parts  (Scheurer-Kestner,  /.  c). 

2.  For  Pyrites-acid. 

(a)   Without  Recovery  of  Nitre. 

At  the  Oker  works  in  1857,  14*4  parts;  1859  to  1863,  13-4  to 
300  parts  strong  vitriol  (Knapp,  Kerl-Stohmann) ;  to  100  sulphur 
charged  in  the  shape  of  pyrites,  10  parts  (Schwarzenberg,  /.  c. 
p.  432),  9  to  11  parts  (Payen),  12  to  14  parts  (Scheurer-Kestner). 
According  to  Wright  (/.  c),  in  different  works,  with  pyrites  of  45 
to  50  per  cent.  8*5  parts,  of  30  to  50  per  cent.  10  to  12  parts,  of 
35  per  cent.  12*5  parts ;  with  a  set  of  chambers  in  bad  repair,  in 
the  first  year  9*31,  in  the  second  9*84,  in  the  third  10*02  parts. 
According  to  Gossage  {ap.  Richardson  and  Watts,  p.  317)  13'3  parts 
with  30  per  cent.  Irish  pyrites.  From  the  author's  own  experience, 
on  an  average,  with  pyrites  of  40  to  44  per  cent.  10*8  parts ;  in 
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neighbouring  works  10*5  parts  with  smalls^  9'4  with  lamps.  At 
some  French  works  the  author  was  informed  of  a  eonsomption  of 
l'5tol'97  kilog.  nitre  per  lOOkilog.acidof  50^  Baume,  eqniyaleiit 
to  2'9  to  3-8  kilog.  per  10()  kilog.  pyrites  of  -14'4  per  cent.,  or  6*5  to 
8'5  kilog.  per  KJO  kilog.  of  the  sulphur  contained  therein.  [This 
statement  appears  not  trustworthy,  viz.  too  low,  looking  at  the 
figures  from  the  same  source  for  working  with  a  Gay-Linssac 
tower.] 

(b)  Recovering  the  Nitre-gas. 

To  100  sulphur  in  the  pyrites  : — 5  parts  (Schwarzenberg,  p.  432); 
7  parts  (Payen,  p.  322)  ;  7  to  8  parts,  less  with  higher  towen 
(Scheurcr-Kestner,  I.e.)-,  3*8  parts  (Glover).  According  to  the 
author's  own  experience  (with  insufficient  absorbing-space)  3'5  to 
4'5  parts ;  but  when  the  work  was  irregular,  chambers  out  of  repair, 
as  much  as  6  or  even  7  parts.  Neighbouring  large  works  3'5  parts. 
K.  Walter  guarantees  0*7  part  of  nitre  to  100  parts  acid  of  66P 
Baum^=2'04  parts  to  100  sulphur  in  44-per-cent.  pyrites.  At 
the  Oker  works  (Brauning)  8*75  to  4*5  parts  per  100  sulphur  were 
used  with  pyrites  pretty  rich  in  sulphur,  4*5  to  6  parts  with  mixed 
and  galcnifcrous  ores.  In  French  works  (same  source  as  above), 
per  100  kilog.  acid  of  50®  Baume  0*9  to  1*24  kilog.,  per  100  py- 
rites 1-73  to  238,  per  100  sulphur  charged  3*85  to  5*37  parts  of 
nitre.  According  to  notes  collected  by  the  author  in  1878  : — ^in 
German  works,  2*3  to  8*1  nitre  per  100  sulphur;  in  the  best  Eng- 
lish works,  about  8  per  cent,  (exceptionally,  as  stated  by  Affleck, 
2'2  per  cent. ;  in  Lancashire  many  large  works  use  even  5  per  cent.); 
in  French  works,  (with  a  Glover  tower)  2*7  parts,  (without)  4*2  to 
4*7  parts  to  1(K)  sulphur  charged. 

In  winter  there  is  always  less  nitre  used  than  in  summer.  As 
between  nitric  acid  and  solid  nitre  no  difference  worth  mentioning 
can  be  established ;  if  any  thing,  slightly  less  nitre  is  used  in  the 
solid  form  than  as  nitric  acid,  if  not  the  acid  itself,  but  the  nitre 
from  which  it  was  originally  made,  be  calculated,  as  it  ought 
to  be. 

Iljclt  (Dingl.  Journ.  ccxxvi.  p.  174)  has  drawn  attention  to  a 
circumstance  overlooked  up  to  that  time,  from  which  the  difference 
in  the  consumption  of  nitre  in  works  otherwise  managed  in  the 
same  way  can  bo,  at  least  partially,  explained.     According  to  him 
the  arsenic  in  chamber-acid  is  mostly  in  the  state  of  A»fi^  but  on 


YIELDS  AND  COSTS  OF  MANUFACTURE.  671 

passing  through  the  Gay-Lussac  tower  it  is  partly  oxidized  to 
AsgOs,  so  that  in  a  special  instance  the  Glover-tower  acid  contained 
only  0*041,  the  Gay-Lussac  acid  0*132  per  cent.  As  as  As^Os* 
Since  the  AsgOg  is  oxidized  at  the  expense  of  nitrous  acid,  accord- 
ing to  the  equation  As203+2N20g=As205H-4NO,  in  that  case 
0*096  NjOg,  equal  to  0*159  NO3H,  must  have  been  destroyed  for 
each  100  parts  of  SO4H2  passing  through  the  tower.     If  only  half 
of  the  whole  make  of  acid  passes  through  the  tower,  the  loss  of 
nitric  acid  of  36°  Baurae  caused  by  the  arsenic  amounts  to  0*18 
per  cent,  of  the  total  SO4H2  made.     The  whole  consumption  in 
that  special  case  was  1*62  nitric  acid  to  100  parts  of  oil  of  vitriol 
(  =  3*6  parts  of  nitre  to  100  sulphur  burnt),  of  which  the  above 
01 8  part  is  a  fraction  not  altogether  to  be  neglected.     In  support 
of  his  view  that  the  consumption  of  nitre  to  a  certain  extent  depends 
upon  the  arsenic  contained  in  the  pyrites,  Hjelt  makes  the  follow- 
ing statements  on  the  consumption  of  nitric  acid  at  36°  Baume 
upon  100  parts  of  pure  SO4H2  made.     The  works  alluded  to  above 
consumed  with  Westphalian  pyrites  containing  0*30  per  cent.  As 
(furnishing  an  acid  with  0*014  per  cent.  As)  only  1*32  part  nitric 
acid,  as  against  1*62  part  when  Spanish  pyrites  containing  0*91 
per  cent.  As  was  used.     At   Freiberg,  where  the  acid  contains 
005  to  0*30  per  cent,  of  As,  1*7  per  cent,  of  nitric  acid  is  used. 
At  Grevenbriick,  with  Westphalian  pyrites,  1*10  part ;  at  Stolberg, 
with  the  same  pyrites,  1  part ;  at  Beuel  near  Bonn,  with  pyrites 
containing  1  to  1*5  per  cent.  As,  1*5  to  2  parts.     Hjelt's  own 
synopsis  shows  that  the  differences  in  the  consumption  of  different 
works  burning  pyrites  of  equal  percentage  of  As  amount  to  several 
times  the  total  loss  which  the  arsenic  could  possibly  have  caused ; 
accordingly  this  matter  cannot  have  quite  the  importance  which 
he  attributes  to  it.     According  to  his  figures  the  maximum  loss  of 
nitre  with  pyrites  containing  more  arsenic  than  any  other  could 
only  amount  to  0*12  part  of  nitre  per  100  parts  of  oil  of  vitriol 
made. 

Davis  (Chem.  News,  xxxvii.  p.  155)  certainly  comes  to  another 
conclusion,  viz.  that  the  largest  portion  of  all  the  nitre  lost  in 
sulphuric-acid-making  is  spent  in  oxidizing  the  arsenious  acid  in 
the  absorbing- towers,  and  that  this  loss  can  be  proved  directly  as 
nitric  oxide  in  the  escaping  gas.  Thus  Davis  claims  to  have  traced 
82  to  87  per  cent,  of  the  total  loss  of  nitre  to  the  arsenic.  But 
this  conclusion  is  not  justified ;  for^  in  the  first  place,  he  assumes 
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that  the  whole  of  the  As^Og  in  the  absorbing-tower  is  oxidized  to 
A^jOg,  which,  according  to  Iljclt  (and  several  analyses  by  the 
author)  is  certainly  not  the  case;  secondly,  his  calculations  all 
depend  upon  anemometrical  measurements,  the  untrustworthiness 
of  which  is  well  known ;  and,  thirdly,  he  proves  too  mnch^  since 
he  makes  it  incomprehensible  whence  the  loss  of  nitre  comes  in 
making  brimstone-acid,  where  arsenic  is  absent.  Davis  subse- 
quently (ib,  p.  195)  ceases  to  maintain  his  former  conclusions 
with  any  thing  like  certainty. 

II.  Yield  of  Sulphuric  Acid  (SO4IIJ). 
(Theoretically  300*25  parts  per  100  sulphur.) 

Ist.  From  brimstone  (always  upon  the  sulphur  actually  burnt). 
200  to  300,  on  the  average  296  (Knapp) ;  297  S04H2= 319-35  acid 
of66°Baumc  (Schwarzcnberg)  ;  "usually  290  to  300;  even  the 
theoretical  quantity  has  been  obtained  ^'  (sic  I  Payen,  i.  p.  321) ; 
290  to  300  (Scheurer-Kcstner). 

2nd.  From  pyrites.  At  Oker,  in  1857,  1  cwt.  acid  of  66*^Baum^ 
per  1-89  cwt.  ore  (Knapp);  1859-03,  per  1729  cwt.  ore  (Kerl- 
Stohmann) ;  1877,  in  the  same  place,  100  chamber-acid  of  50^Baum^ 
(100°  Tw.)  were  obtained  from  100  pyrites;  from  100  rich  copper- 
ores  140  to  150  parts  of  chamber-acid,  from  100  '^ mixed  ores'' 
90,  from  100  ore  mixed  with  galena  70  parts  of  chamber-acid. 
The  residual  sulphur  in  the  cinders  from  pyrites  (always  con- 
taining galena)  amounts  to  0  per  cent.,  from  the  other  ores  to 
10-12  per  cent.  (Brauning). 

In  four  Belgian  works,  1854  (Official  Report),  on  100  parts 
sulphur  in  the  pyrites  charged  242,  237,  259,  238  parts  SO4H4. 
The  same  works  in  1874  by  improved  arrangement  had  arrived  at 
87-81,  9217,  85-50,  8930  per  cent,  of  the  theoretical  quantity,  or 
208-8,  282  4,  201-8,  273*5  SO4II2  per  100  S  (Chandelon). 

In  the  best  French  works  (Schwarzcnberg),  on  100  sulphur  in 
the  pyrites  charged,  259*7  SO4H9 ;  on  the  sulphur  really  burnt, 
283*43.  Payen  (p.  322)  makes  precisely  the  same  statement,  with 
the  luldition  that  usually  from  100  kilog.  40-per-cent.  pyrites  100 
to  115  kilog.  acid  are  obtained  (  =  239-1  to  250  SO4H5  per  100 
sulphur) .  According  to  Scheurer-Kestner  (/.  c.)  there  ought  to  be 
the  same  yield  on  the  really  burnt  sulphur  of  pyrites  as  upon  brim- 
stone, viz.  290  to  300  parts  (?),     According  to  Wright,  with  rich 
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Spanish  pyrites  82  to  84  per  cent,  of  the  sulphur  is  obtained  as 
acid ;  of  the  loss  of  16  to  18  per  cent.  4  or  5  per  cent,  is  sulphur 
left  in  the  cinders,  and  12  or  13  per  cent,  other  losses.  This  means 
a'yield  of  251  to  25725  SO4H2  per  100  sulphur  charged  (evidently 
with  insufficient  chamber-space) .  An  anonymous  chemist  (in  the 
Chem.  News.  xiv.  p.  22)  states  the  yield  from  30-per-cent.  Irish 
pyrites =82  to  81*1  per  cent,  of  the  theoretical,  inclusive  of  the 
sulphur  in  the  cinders. 

The  author's  own  experience,  and  reliable  statements  personally 
obtained  by  him  from  large  factories  (where,  however,  the  acid 
made  was  mostly  calculated  from  the  salt  decomposed),  are  as  fol- 
lows : — (a)  238*5  SO^Hg  on  the  sulphur  charged,  with  40.per-cent. 
small  pyrites  burnt  in  muffle  furnaces;  {b)  240  SO4H2,  ditto, 
with  42-per-ccnt.  lump  ore :  both  without  a  Gay-Lussac  tower. 
(c)  263*2  on  sulphur  charged  (own  experience),  with  Gay-Lussac 
tower,  but  the  work  being  several  times  interrupted,  (rf)  272  to 
275  ditto  (own  experience),  with  a  Glover  and  a  Gay-Lussac 
tower,  the  latter  not  large  enough,  (e)  276*4  on  the  sulphur 
charged,  or  301*5  on  the  sulphur  burnt  (average  result  of  a  large, 
well-managed  factory  with  Glover  and  Gay-Lussac  towers) .  (/)  a 
number  of  notes  collected  in  1878  from  the  best  German  and 
French  works  agree  remarkably  closely  to  a  yield  of  270-272 
SO4H2  on  the  sulphur  charged.  In  the  warmer  climates  the  yield, 
even  with  sufficient  chamber-space,  is  always  found  somewhat  less 
in  summer  than  in  winter,  about  3  per  cent. 

Losses  in  Manufacturing  Sulphuric  Acid. 

The  causes  of  the  loss  of  nitre  have  been  mentioned  in  detail, 
p.  453.  They  are  (1)  loss  of  nitre-gas  carried  into  the  outer  air, 
(2)  nitrogen  compounds  left  in  the  chamber-acid,  (3)  nitre-gas 
reduced  to  NgO  or  N. 

The  loss  of  sulphuric  acid  itself,  amounting  even  in  the  best 
works  to  at  least  12  per  cent,  of  the  sulphur  charged,  arises  from 
the  following  causes  : — 

1.  Incomplete  combustion  of  the  sulphur  (loss  in  the  cinders)  ; 
this  has  also  been  spoken  of  before  (p.  173).  With  brimstone  this 
loss  is  not  worth  mentioning ;  with  pyrites  it  is  so  much  the  greater 
the  poorer  the  ores  are,  and  besides  it  varies  enormously  according 
to  the  construction  of  the  burners  and  the  care  with  which  they 
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are  worked^  from  1  to  10  parts  and  more  of  sulphur  per  100 
pyrites,  or  from  2  to  30  per  cent,  of  the  total  sulphur.  A  portion 
of  the  sulphur  is  sublimated,  and  is  found  in  the  connexion-pipes 
and  in  the  acid  itself,  and  is  a  clear  loss. 

2.  Losses  of  SOg  by  leakages  of  burners,  pipes,  chambers,  &c. 
By  bad  draught  much  loss  may  occur,  since  at  the  doors  of  the  bur- 
ners, nitre-ovens,  &c.  it  continually  blows  outward.  Bad  pipe-joints, 
but  especially  chambers  worn  down  too  much,  lead  to  great  losses. 
The  author  has  seen  chambers  which,  when  ultimately  stopped, 
presented  in  their  interior  the  image  of  the  starry  sky  from  the 
innumerable  holes  in  the  top ;  and  Wright  (Chcm.News,  xvi.  p.  93) 
has  independently  used  the  same  simile.  Many  manufacturers 
have  no  idea  of  the  great  loss  which  they  suffer  in  this  way,  by 
allowing,  from  motives  of  ill-timed  economy,  a  chamber  to  go  on 
too  long  and  trying  to  patch  it  up.  Wright  found  in  a  chamber 
system  that  went  three  years  without  repairs  : — 

Kitro  for  100    Cubic  metres  of  chamber-     Practioal  jield 

parts  of       space  per  kilog.  of  sulphur        (theoretical 
sulphur  burnt.  bunit  per  diem.  =  100). 

First  year    9-31  M50  81-5 

Second  year    ...     9*84  1-073  75*4 

Third  year  10'02  1017  68*4 

3.  Losses  of  SO^  by  incomplete  conversmi  into  sulphuric  acid. 
Extremely  little  SO^  can  remain  dissolved  in  chamber-acid  if  there 
is  an  excess  of  nitrous  compounds  present ;  the  greater  portion  of 
any  remaining  SO^  escapes  from  the  chambers  into  the  outer  air. 
The  reason  of  this  may  be  irregularity  of  the  process  in  general, 
want  of  nitre,  insuflBcicnt  chamber-space,  insufficient  draught,  &c., 
as  explained  in  detail  previously.  The  losses  from  this  source  are 
nearly  always  much  greater  where  the  nitre  is  not  recovered,  for 
the  reasons  stated  above.  The  very  widely  divergent  statements 
on  the  yield  of  sulphuric  acid  are  explained  to  a  great  extent  from 
this  cause  alone. 

Mactear  ('  Chem.  News,'  xxxvi.  p.  49)  has  asserted  that  a  rational 
chamber-process  cannot  possibly  be  carried  on  without  the  constant 
testing  for  the  loss  of  sulphurous  acid  introduced  by  himself.  But 
it  is  very  certain  indeed  that  the  factories  thus  controlled  do  not 
obtain  any  better  yield  of  sulphate  than  other  well-managed  works. 
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Some  contend  that  they  have  greatly  lessened  their  losses  by  that 
control ;  but  that  only  proves  their  former  management  to  have 
been  faulty. 

The  consumption  of  coals  for  chamber-steam  only  amounts  to 
16'3  kilog.  per  100  kilog.  SO4H2  on  the  average  of  eight  French 
factories  working  without  Glover  towers ;  at  an  English  works  with 
Glover  tower  the  coal  used  for  the  chambers  and  the  air-pump 
amounted  to  17*5  parts  per  100  parts  of  SO4H,. 

Statements  of  Costs  for  the  Manufacture  of  Sulphuric  Add. 

1.  From  brimstone. 

At  Marseilles,  1867  (Kerl-Stohmann,iv.  p.  1495). 

francs. 

lOOOkilogs.  brimstone 17000 

75      ,,       nitrate  of  soda,  @  40  francs  ...  30-00 

100      ,,       coals 2-50 

Wages    400 

General  expenses  6*50 

21300 

Yield  4000  kilogs.  acid  of  53°  B.  (=115°  Tw.),  which  thus  cost 
5*32  francs  per  100  kilogs. 

2.  From  pyrites. 

In  Belgium,  1877,  according  to  Lacroix  (Kerl-Stohmann). 

francs. 

1000  kilogs.  pyrites,  @  35  per  cent,  sulphur...  35*00 

42      „       nitrate  of  soda,  @  38  francs 15*96 

150      „       coals,  @  1*20  franc  1-80 

Wages 3*00 

General  expenses,  repairs,  &c 3*00 

58-76 
Yield  13G5  kilogs.  acid  of  53°B.=4-30  francs  per  100  kilogs. 
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In  Prance,  1876,  according  to  Pavre  {'  Moniteur  Scientif/ 

1876,  p.  273). 


640  kilogs.  pyrites  of  35  to  40  per  cent.  S., 

(cySO  francs 19-20 

18      „       nitrate  of  soda,  @  38  francs  6*84 

30      „       acid  of  144°  Tw.  for  decomposing 

the  nitrate,  @  30  francs 1'20 

80      „       coals,  (5^  30  francs  2*40 

Stone-breaking  and  other  manual  labour 3-26 

Repairs  and  general  expenses    5  '00 

37-90 

Deduct  20  kilogs.  nitre-cake,  @  5  f rs 1-00 

Cost  of  1000  kilogs.  sulphuric  acid  of  50°  B. 

(  =  10G°Tw.) 36-90 

(The  strength  is  calculated  from  Vauquelin's  tables,  and  corre- 
sponds to  66  per  cent,  of  SO^H^.) 


In  England  the  author  liimsclf  found  (at  his  own  or  neighbour- 
ing works)  the  cost  per  ton  of  SO4H3 : — 

a.   From  40-per-cent.   Belgian  small  pyrites  burnt  in   a  mafi9e 
furnace. 

£    8.  d. 

1-048  ton  pyrites,  @  18*.  Sd.    0  17  5-600 

0044   „    nitre,     @  £15 0    6  7-200 

0-557   „    coals,     @  48.  6d 0    2  6-079 

Sundry  tools,  materials  for  repairs,  &c.  0    3  5*586 

Wages:  a.  regular 0    6  2-186 

„        b,  extraordinary  (repairs  &c.)  0     1  7*044 

1  17  9-695 

Deduct  value  of  acid  nitre-cake 0    1  1*200 

Cost  of  oil  of  vitriol  per  ton 1  16  8-495 
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b.  From  Norwegian  and  Westphalian  lump  ore  (without  Gay- 

Lussac  tower). 

£     8.     d. 
0*9795  ton  of  pyrites  (containing  0*41 65  ton 

of  sulphur),®  23*.  e^rf 13  0 

00393      „      nitre,  @  £16    0  12  7 

01250      „      coals,  @  4^ 0     0  6 

Wages  0     7  5 

Materials,  repairs,  &c 0     2  0 

2     5     6 
Deduct  value  of  nitre-cake 0     16 

Cost  of  oil  of  vitriol  per  ton    2     4     0 

c.  From  cupreous  Norwegian  pyrites,  vrith  Gay-Lussac  and  Glover 

tower,  in  1873  : — 

£    8.     d. 
0-838  ton  of  pyrites  (with  0*38  ton  of 

sulphur),  (g255.6rf.    ...  1  1  4*428 

00172    „      nitre,  (oj £12 0  4  1536 

0171       „      coals,  (g  105 0  1  8-520 

Wages  for  the  process  itself 0  6  9*520 

Repairs  (including  wages) 0  0  10*464 

Renewal  of  chambers  (spread  over  the 

acid) 1  0 

Cost  per  ton  of  oil  of  vitriol  1  15  10*468 

(N.B.   The  coals  did  not  include  those  used  for  pumping  the 
acid.) 

d.  From  cupreous  Spanish  pyrites,  in  1876 : — 

0*758  ton  of  pyrites  (with  0*364  ton  of 

sulphur),  @  19* 0  14  4*80 

00145     „      nitre,  @£11 0  3  228 

0-250       „      coals,  (g4« 0  1  000 

Wages  for  the  process 0  3  6*00 

Repairs    0  0  600 

Renewal  of  chambers 0  1  000 

1     3     708 

In  all  these  cases  the  acid  obtained  is  of  140°  to  144°  Tw. ; 

the  cost  of  concentrating  it  further  has  been  mentioned  previously 

(p.  525). 

2p 
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CHAPTER  XVI. 

BY-PIlODrCTS  OF  THE  MANUFACTURE  OF  SULPHURIC 

ACID. 

The  most  important  of  tlicse  in  the  case  of  cupreous  pyrites  is  the 
copper  itself^  along  with  the  iron  oxide  (obtained  in  this  case  in  a 
sufficiently  pure  form),  sometimes  also  with  silver ;  we  shall  go  into 
this  in  detail  afterwards.  From  non-cupreous  pyrites,  however, 
iron  and  zinc  are  only  exceptionally  obtained.  We  do  not,  of 
course,  refer  to  metals  whose  production  is  the  principal  object  of 
the  whole  process. 

Besides,  thallium  and  selenium  may  be  mentioned  as  by-products 
of  sulphuric-acid  making. 

The  cinders  from  non-cupreous  pyrites  (as  to  their  composition 
comp.  p.  175)  arc  frequently  used  as  ballast  for  making  roads; 
they  yield  very  firm,  dry,  and  even  roads,  which,  however,  are  soon 
ground  into  dust  by  the  traffic  of  vehicles,  and  in  wet  weather  are 
then  very  muddy.  Besides,  the  rain-water  washes  out  iron  and 
zinc  sulphates,  and  may  carry  these  into  neighbouring  wells  (Sar* 
razin,  '  Archiv  dcr  Pharmacie,'  ccix.  p.  418). 

These  cinders  have  frequently  been  proposed  for  the  absorption 
of  sulphuretted  hydrogen  gas,  and  really  seem  to  have  been  here  and 
there  employed  for  purifying  coal-gas  and  for  disinfecting  cesspools 
(Zeitsch.  chcm.  Grossgew.  i.  p.  70).  This,  however,  cannot  be 
done  extensively,  as  the  cinders  do  not  act  any  thing  like  so  ener- 
getically upon  HjS  as  precipitated  ferric  hydroxide  or  bog-iron- 
ore,  and  therefore  the  purifying  apparatus  would  have  to  be  made 
of  enormous  dimensions.  Probably  more  success  will  be  obtained 
in  the  manufacture  of  copperas  for  neutralizing  the   snlphuric 
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acid  formed  in  the  oxidation  of  bituminous  lignite  slates;  formerly 
metallic  iron  used  to  be  employed  for  this  purpose. 

Iron, — It  is  quite  possible  to  make  good  iron  from  pyrites- 
cinders  ;  but  the  expense  of  doing  this  in  most  cases  is  too  great ; 
and  very  little  of  it  has  been  made  until  the  last  few  years.  In 
1873  the  Chauny  works  exhibited  iron  made  from  non-cupreous 
pyrites-cinders,  desulphurized  by  repeated  roasting  in  a  Perret^s 
kiln  in  thin  layers.  For  this  purpose  the  plates  of  this  kiln  were 
charged  alternately  with  cinders  and  with  fresh  pyrites,  the  heat 
produced  in  the  burning  of  the  latter  causing  a  supplementary 
roasting  of  the  cinders  (Hofmann's  'Bericht/  1875,  i.  p.  164). 

Richters  (Dingl.  Journ.  cxcix.  p.  292)  pursued  the  application  of 
pyrites-cinders  in  a  coke  blast-furnace  by  the  analysis  of  all  the 
products.  With  a  charge  of  38  calcined  magnetic  iron-ore,  1^ 
black  band,  and  25*5  cinders  (composed  as  on  p.  175 — ^that  is,  con- 
taining 4*35  per  cent.  SO3  and  1*53  S  in  other  forms),  and  35  lime- 
stone, under  especially  favourable  circumstances,  pig-iron  with  only 
0*022  per  cent,  of  sulphur  was  obtained ;  when,  however,  the  tem- 
perature was  lower,  even  with  only  12  pyrites-cinders  to  53*5  other 
iron-ore  and  33*5  limestone,  the  pig-iron  showed  0*049,  0*088, 
0*096,  0*224  per  cent,  of  sulphur.  With  a  mixture  of  19*2  pyrites- 
cinders,  46*5  other  iron-ores,  30'1  limestone,  and  4*2  potsherds  the 
sulphur  in  the  pig-iron  varied  from  0*033  to  0*060  per  cent. ;  by 
adding  another  3*77  potsherds  the  sulphur  was  increased  to  0*1 10-- 
0*146  per  cent.  The  pig-iron  poorer  in  sulphur  always  contained 
a  great  deal  of  silicon,  up  to  3*485  per  cent. 

The  cinders  from  roasting  Schwelm  pyrites  (Chap.  IV.,  p.  90) 
are  said  to  furnish  an  excellent  material  for  Bessemer  pig,  as  they 
contain  very  little  phosphorus  and  copper,  which  are  so  injurious  to 
the  quality  of  steel.  F.  Schmidt  (Berg-  u.  hiittenmaim.  Zeit.  1878, 
p.  68)  states  the  composition  of  these  cinders  as  follows  : — 

Ferric  oxide  90*547  )  ^65*0056  Fe. 

Ferrous  oxide    0*520  J 

Iron  bisulphide 0*574 

Lead  sulphide    0*142 

Copper  sulphide    0*026 

Manganous  oxide 0*463 

Carry  forward   92*272 

2p2 
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Broo^t  forward  ...  92*272 

Alnmina 1448 

Lime 0388 

Masne^iA  O220 

Salphar  trioxide    I'llO 

Pho^phoros  pentoxide  (H>35 

Silica  3-447 

Moisture    0897 


99  817 


P.  W.  Hofroann  {'  Zeitschr.  d.  Vereins  deutscher  Ingenieure/ 
xviii.  p.  521)  has  proposed  the  following  process  for  utilizing  the 
cinders  from  Westphalian  pyrites.      He  found  (like  others)  that 
this  is  Terr  difficult  to  desulphurize,  owing  to  its  zinc^  which  some- 
times amounts  to  6  per  cent.     The  cinders  contain  the  zinc  as  sul- 
phate, which  is  only  decomposed  at  a  much  higher  temperature  than 
is   attainable   in   a  pyrites-burner.      The  zinc  sulphate   can    be 
washed  out   by  water   at   40^;   but  it  contains  too  much  iron 
sulphate  to  be  saleable.     If,  howeyer,  a  solution  of  1*25  sp.  gr. 
be   mixed   with   a  proportion   of  NaCl  equiyalent   to   the    sul- 
phuric acid  contained  in  it,  and  heated  to  30°  C,  a  lye  of  1-38 
sp.  gr.  is  obtained,  from  which,  on  cooling,  such  a  quantity  of 
Glauber^s  salt  crystallizes  that  this  alone  pays  all  expenses.     The 
mother-liquor  contains  chloride  of  zinc  with  more  or  less  conmion 
salt  and  the  sulphates  of  iron,  zinc,  and  sodium.     If  eyaporated  to 
1*60  sp.  gr.,  all  foreign  salts  are  separated,  and  a  solution  of  zinc 
chloride,  with  mere  traces  of  sulphates  and  of  iron,  remains  behind, 
which  can  be  employed  directly  for  pickling  railway-sleepers.    The 
residue  from  lixiviating  the  sulphates  is  allowed  to  lie  a  few  days  in 
the  air  to  dry ;  most  of  it  then  falls  to  powder.     When  this  is 
passed  through  a  sieve,  the  fine  dust  is  found  to  be  almost  free  from 
sulphur,  the  rougher  particles  containing  nearly  all  the  sulphur  in 
the  shape  of  FeS.      The  dust  might  be    employed  in  a  blast- 
furnace. 

At  the  Aussig  works  formerly  the  crude  zinc  sulphate  obtained 
in  just  the  same  way  was  worked  up  by  the  addition  of  calcium 
chloride  (waste  lye  from  the  recovery  of  sulphur)  into  ''  pearl  har- 
dening" and  zinc  chloride.  Owing  to  the  want  of  a  suflBcient 
market,  this  manufacture  has  been  discontinued. 
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The  different  sorts  of  pyrites  behave  very  differently  as  to  their 
desulphurization.  Some  of  them  can  be  roasted  directly  in  the 
burners  to  such  an  extent  that  they  may  be  used  in  iron-smelting. 
This  is  especially  possible  in  the  shelf  burner  of  Maletra;  the 
cinders  from  this  are  regularly  smelted  in  mixture  with  other  ores, 
not  merely  in  the  case  of  the  Schwelm  ore  (see  above),  but  in  other 
cases  also,  since  the  sulphur  in  the  ore  can  be  brought  down  to  less 
than  1  per  cent,  in  these  burners. 

It  has  frequently  been  attempted  to  employ  the  cinders  of  small 
ore  in  larger  quantities  for  smelting  in  a  blast-furnace  without 
stopping  it  up,  by  conglomerating  them  in  different  ways,  but  with- 
out much  success.  A  patent  has  very  recently  been  taken  out 
by  J.  Cahen  for  this  purpose  (10th  June,  1875) .  He  moulds  the 
cinders  into  suitable  cakes  with  tar,  peat,  and  limestone,  and  smelts 
these  in  a  blast-furnace  ;  the  pig-iron  is  said  to  be  very  pure,  the 
sulphur  being  absorbed  by  the  lime,  and  the  peat  assisting  in  the 
formation  of  volatile  phosphuretted  hydrogen  (?).  J.  L.  Bell  also 
moulds  the  small  ore  with  lime  into  bricks,  which  gain  hardness  by 
drying,  and  uses  them  in  a  blast-furnace.  All  such  artificial  con- 
glomerates are  soon  crushed  by  the  great  pressure  in  the  blast-fur- 
nace, and  thus  act  like  the  loose  powder. 

In  the  flue-dust  and  the  chamber-deposit  of  many  descriptions  of 
pyrites  the  rare  metals  selenium  and  thallium  have  been  found. 
The  former  has  hitherto  no  industrial  application,  apart  from  the  em- 
ployment of  crystalline  selenium  in  photometry,  as  its  electrical 
conductivity  changes  in  proportion  to  the  intensity  of  the  light 
that  falls  upon  it. 

Thallium,  however,  is  manufactured  on  a  comparatively  large 
scale  at  Aussig  and  Mannheim ;  and  it  might  possibly  be  found 
useful  for  optical  glass,  replacing  the  alkali;  owing  to  its  very 
high  atomic  weight  (204)  it  gives,  along  with  red  lead  and 
quartz,  the  specifically  heaviest  and  consequently  the  most  re- 
fractive glass  hitherto  known  (Lamy). 

The  preparation  of  thallium  from  the  flue-dust  of  Westphalian 
pyrites  has  been  described  by  Schaffiier  (Wagner's  Jahresb.  1871, 
p.  1).  The  flue-dust  was  collected  in  a  large  brick  chamber  with- 
out being  exposed  to  the  action  of  nitrous  vapours,  the  chambers 
being  fed  directly  with  nitric  acid.  It  is  coloured  by  ferric  oxide, 
contains  much  arsenious  acid,  ferric  sulphate,  some  zinc  oxide,  lead 
oxide,  traces  of  antimony  and  silver,  thallium  sulphate,  &c.    Car- 
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Btanjen  (Wagn.  Jahresb.  1868,  p.  10)  found  in  it  3'5  per  cent 
thallium.     On  the  sides  of  the  chamber  crystals  were  found  of  the 
compound  AsjOs  and  SO3,  discovered  by  Reich.     The  flue-dost  it 
lixiviated  by  boiling  with  steam,  with  the  addition  of  a  little  sul- 
phuric acid,  as  a  portion  of  the  thallium  seems  to  be  present  as  basic 
sulphate,  which  would  escape  solution.      After  settling,  the  clear 
portion  is  siphoned  off  and  filtered  through  calico ;  the  residue  is 
boiled  again.     From  the  liquid  the  thallium  is  precipitated  as  pro- 
tochloride.   The  very  impure  reddish  precipitate  is  washed  with  cold 
water  and  converted  into  sulphate  by  hot  concentrated  sulphuric 
acid,  the  heating  being  continued  till  all  excess  of  acid  is  driven  off. 
The  sulphate  is  dissolved  in  water,  filtered,  and  again  precipitated 
by  hyhrochloric  acid,  the  TlCl  now  being  separated  almost  in  the 
pure  state.     If  it  is  not  yet  pure,  esjKJcially  if  it  contains  arsenic, 
the  operation  must  be  again  repeated.     In  order  to  remove  all 
arsenic,  sulphuretted  hydrogen  is  conducted  into  the  solution  of 
thallium  sul[)hate,  which  precipitates  all  the  arsenic  with   small 
quantities  of  thallium ;  the  latter  is  precipitated  from  the  filtrate  by 
hydrochloric  acid  as  perfectly  pure  TlCl,  and  converted  into  sul- 
phate as  above.     The  latter  is  reduced  to  metallic  thallium  by  di* 
gesting  its  solution  in  a  porcelain  or  stoneware  dish  with  metallic 
zinc.     The  spongy  metal  obtained  is  washed  with  distilled  water, 
pressed  between  blotting-paper,  and  melted  in  an  iron  or  porcelain 
crucible,  hydrogen  or  coal-gas  being  conducted  through  to  prerent 
any  oxidation ;  the  heat  should  not  be  too  strong,  because  it  might 
volatilize  the  thallium.     The  melted  metal,  similar  to  mercury,  is 
cast  into  small  rods  in  paper  moulds.     It  should  be  kept  in  boiled 
water  free  from  air,  the  glass  being  closed  whilst  the  water  is  boiling; 
but  even  then  the  latter  after  a  short  time  shows  an  alkaline  reac- 
tion.    It  is  best  kept  in  a  solution  of  zinc  sulphate.     It  can  also  be 
obtained  well  crystallized  by  Woehler's  process,  viz.  by  suspending 
in  the  thallium  solution  a  beaker  with  its  bottom  cut  off,  and  its 
lower  part  closed  with  bladder  tied  roimd :  this  is  filled  with  water 
up  to  the  level  of  the  solution  outside ;  a  zinc  plate  is  hung  up  in 
the  water,  and  the  latter  connected  with  a  platinum  wire,  which 
dips  into  the  thallium  solution  and  is  bent  into  a  spiral  below  the 
bladder. 

Krause  (Dingl.  Joum.  ccxvii.  p.  323)  observes  that  the  treatment 
of  thallium  protochloride  with  concentrated  sulphuric  acid  is  very 
unpleasant  work  in  large  quantities.     He  has  found  that  the  decom- 
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position  can  be  quickly  and  completely  effected  by  a  weak  solution 
of  Glauber's  salt,  say  4°  to  7°  Tw.     He  lixiviates  the  fine  dust  in  a 
cask  with  water  and  steam,  siphons  off  the  settled  liquid  into  a 
second  cask,  and  adds  to  this  solution  of  thallium  sulphate  hydro- 
chloric acid;  the  TlCl  subsides  very  quickly,  if  the  liquid  is  well 
agitated,  for  instance  by  a  current  of  air.     After  a  short  rest  the 
clear  liquid  is  run  off,  the  cask  is  filled  up  with  pure  water,  heated 
by  steam,  and  crystallized  sodium  sulphate  added  till  the  solution 
shows  7°  Tw.     After  strong  agitation  the  decomposition  is  com- 
plete, and  the  liquid  is  siphoned  off  into  a  third  cask,  which  is  placed 
somewhat  lower ;  here  it  is  acidulated  with  sulphuric  acid,  and  the 
thallium  precipitated  by  zinc.     Similarly  to  Schaffner,  he  washes 
the  sponge  with  water  free  from  air,  presses  and  melts  it.    This 
process  permits  working  continuously  and  without  contact  with  fire. 
Nietzki  has  made  very  detailed  communications  on  thallium 
(Wagner's  Jahresb.  1876,  p.  4).     He  found  in  the  flue-dust  of  the 
Duisburg  chemical  works,  where  Westphalian  pyrites  is  used,  0*1 
to  0'2,  sometimes  even  1  per  cent,  thallium.     The  precipitation  as 
TlCl  is  incomplete :  to  be  sure  TlCl,  which  is  soluble  in  500  parts 
of  water,  is  much  less  so  in  the  large  excess  of  hydrochloric  acid 
actually  employed ;  but  there  remains  even  then  10  per  cent,  of  the 
thallium  present  in  the  mother-liquor.    Much  more  complete  is  the 
precipitation  of  thallium  by  potassium  iodide  as  Tl  I,  even  from  very 
dilute  solutions  of  flue-dust.     Therefore  both  the  mother-liquors 
from  the  TlCl  precipitate  and  the  dilute  extractions  of  flue-dust  are 
afterwards  treated  with  KI.     By  boiling  the  Til  with  sodium  sul- 
phide the  iodine  is  recovered  as  Nal ;  and  the  insoluble  Tl^S  is 
worked  up  for  TI5SO4  along  with  the  TlCl.     From  the  sulphate  the 
thallium  is  obtained  by  electrolysis,  to  avoid  its  contamination  with 
ziuc.     In  this  case  crude  thallium  sulphate  can  be  employed ;  whilst 
direct  reduction  with  zinc  is  troublesome,  owing  to  the  evolution  of 
arseniuretted  hydrogen  and  the  reduction  of  ferric  salts,  the  ferrous 
sulphate  soon  forming  a  crust  over  the  zinc  and  making  it  inactive. 
Nietzki  even  employs  KI  for  volumetrically  estimating  thallium ; 
but  the  solutions  must  not  be  too  dilute. 

Stolba's  process  (Wagner's  Jahresb.  1874,  p.  1),  allowing  a  thal- 
lium-alumina or  thallium-iron-alum  to  crystallize  from  concentrated 
solutions  of  flue-dust,  is  only  adapted  for  a  substance  extraordinarily 
rich  in  thallium. 

Woehler  (Ann.  Chem.  Pharm.  clxiv.  p.  74)  states  that  thallium 


584  SULPHURIC  ACID. 

is  more  simply  produced  by  fluxing  the  chloride  with  sodium  car- 
bonate and  carbon.  20  parts  TlCl,  8  parts  of  dry  Na^COg,  and  1 
part  of  lampblack  are  mixed  together  and  fluxed  in  a  fire-clay  cru- 
cible at  a  moderate  red  heat.  A  small  loss  occurs  by  some  chloride 
volatilizing  ;  this  can  be  avoided  by  stirring  up  the  mixture  with 
water,  drying,  and  then  fluxing. 

Selenium  was  discovered  (in  1817)  by  Berzelius  in  the  chamber- 
deposit  of  the  sulphuric-acid  works  at  Gripsholm,  at  which  Fahlun 
sulphur  (obtained  in  roasting  ores)  was  used.  It  also  occurs  in 
volcanic  sulphur,  e,  g,  0*264  per  cent,  in  the  solfataras  of  Naples, 
according  to  Phipson  (Chem.  News,  v.  p.  3*37), — principally,  how- 
ever, in  the  Harz  pyrites ;  so  that  the  chamber-deposit  of  the 
Mansfeld  and  Oker  works  is  the  best  source  of  it.  Selenium 
always  occurs  in  very  small  quantities ;  but  its  characteristic  reac- 
tions cause  it  to  be  easily  discovered,  and  it  becomes  very  much 
concentrated  in  the  deposit  of  flue-dust.  Some  Harz  works*  deposit 
is  said  to  contain  10  per  cent.,  that  of  the  Eislebcn  works  9  per 
cent,  of  selenium ;  annually  several  cwt.  are  obtained  in  this  way 
(Bottger  and  Kemper,  Wagner's  'Jahresb.'  1860,  p.  169).  On 
selenium  in  French  sulphuric  acids  communications  have  been 
made  by  Kuhlmann,  Personne,  and  Scheurer-Kcstncr  (ib.  1872, 
p.  246) . 

Selenium  occurs  in  several  allotropic  modifications,  in  regard  to 
which  we  must  refer  our  readers  to  the  chemical  treatises.  The 
statements  are  partly  contradictory,  and  possess  no  technical  inter- 
est. Its  spec.  grav.  is  given  as  4*26  to  4*8,  melting-point  400°, 
boiling-point  about  700°. 

The  deposit  contains  free  selenium,  as  the  sclenious  acid  formed 
by  burning  is  reduced  by  sulphurous  acid.  Otto  (Lehrbuch  d. 
Chem.  4th  ed.  i.  p.  633)  digests  the  deposit,  previously  washed 
with  water,  with  aqua  regia  to  oxidize  the  selenium,  adds  sulphuric 
acid,  evaporates  to  dryness,  driving  off  the  other  acids,  treats  the 
residue  with  water,  and  from  the  solution,  by  cautious  addition  of 
ammonium  sulphite,  first  precipitates  white  mercurial  chloro-sele- 
niate,  then  from  the  filtrate,  by  more  ammonium  sulphite  and  sul- 
phuric acid,  the  selenium  itself.  From  the  mercurial  precipitate 
the  selenium  can  be  obtained  by  oxidizing  with  nitric  acid,  eva- 
porating, neutralizing  with  sodium  carbonate,  fluxing  with  potas- 
sium nitrate,  boiling  with  hydrochloric  acid  in  order  to  reduce  SeOg 
to  SeOj,  and  precipitating  the  selenium  from  the  solution  by  SO^. 
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Liebe  (Wagner^s  Jahresb.  1860,  p.  178)  extracts  the  oxidized 
mass,  after  evaporation  with  sulphuric  acid,  with  water,  neutralizes 
with  soda-ash,  evaporates  to  dryness,  mixes  the  residue  with  an 
equal  weight  of  sal-ammoniac,  calcines  the  mass  in  a  porcelain  dish 
(when  the  sal-ammoniac  reduces  the  SeO^),  and  washes  with  water, 
pure  selenium  remaining  behind. 

Bottger  (Dingl.  Journ.  clxxvi.  p.  405)  extracts  the  selenium  from 
the  chamber-deposit  washed  with  water  by  means  of  a  concentrated 
solution  of  neutral  sodium  sulphite,  and  filters  it  into  dilute  muri- 
atic acid,  which  at  once  precipitates  the  selenium. 

Otto  (/.  c.)  quotes  several  other  processes  for  obtaining  selenium  ; 
but  the  newest  communication  is  that  of  Nilson  (Ber.  d.  deutsch. 
chem.  Ges.  vii.  p.  1719)  on  the  working-up  of  the  Fahlun  chamber- 
deposit  for  selenium.  This  cannot  well  be  done  by  Otto's  process ; 
it  is  better  to  employ  potassium  cyanide,  2  parts  of  which  yield  1 
part  of  selenium.  The  washed  deposit  needs  only  to  be  digested 
with  a  concentrated  solution  of  potassium  cyanide  at  80°  to  100®  C. 
till  its  red  colour  has  just  been  turned  into  pure  grey ;  the  residue 
is  washed  with  boiling  water,  filtered,  and  hydrochloric  acid  added 
to  the  solution ;  selenium  at  once  precipitates  in  cherry-red  flakes, 
as  the  liberated  selenocyauic  acid  is  almost  instantaneously  decom- 
posed into  selenium  and  hydrocyanic  acid ;  the  sulphur  dissolved  at 
the  same  time  remains  in  solution  as  sulphocyanic  acid.  The 
selenium  thus  obtained  contains  only  a  little  copper,  iron,  and 
perhaps  traces  of  mercury ;  it  is  obtained  quite  pure  by  dissolving 
in  nitric  acid,  evaporating  to  dryness  in  a  water-bath,  subliming  the 
anhydride  in  a  current  of  dry  air,  and  treating  its  solution  with 
sulphurous  and  hydrochloric  acids. 

The  Mansfeld  Kupferschiefer  Mining  Company  (Wagner's 
Jahresb.  1876,  p.  297)  in  1875  produced 

Flue-dust  containing  selenium  2378  kil.,  value  £18. 
Selenium    4i  „         „      £6  2*. 

The  extraction  of  Copper  from  Pyrites-cinders. 

This  manufacture  cannot  properly  be  regarded  as  a  by-work  done 
in  sulphuric- acid  making ;  with  as  much,  if  not  with  greater  right, 
the  latter  might  be  considered  a  secondary  branch  of  the  extraction 
of  copper,  since  in  the  cupreous  ores  the  value  of  the  copper  mostly 
exceeds  that  of  the  sulphur  contained  in  them ;  but  if  the  value  of 
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the  final  products  be  counted^  that  of  the  sulphuric  acid  certainly 
mostly  far  outweighs  that  of  the  copper.  Even  in  the  large  English 
works  now-a-days  the  extraction  of  copper  from  the  cinders  is  rarely 
done  in  the  chemical  factory  itself;  the  former  is  concentrated  in 
a  few  works  erected  in  the  centres  of  the  chemical  trade,  which 
receive  the  burnt  ore  from  a  whole  group  of  chemical  works.  One  of 
the  largest  pyrites-mining  companies,  the  Tharsis  Sulphur-  and 
Copper-extracting  Company,  supplies  its  ores  to  the  consumers  only 
on  condition  of  returning  the  burnt  ore  to  the  copper-works  be- 
longing to  the  same  Company.  A  similar  establishment  was  founded 
a  short  time  ago  at  Duisburg  by  a  number  of  Rhenish  manufac- 
turers, likewise  based  on  the  extraction  of  Spanish-pyrites  cinders. 
Although  the  production  of  copper  thus  does  not  belong  to  the 
usual  cycle  of  vitriol-  and  ulkali-works,  yet  it  is  most  intimately 
connected  with  it,  especially  in  Great  Britain ;  and  a  short  descrip- 
tion of  that  production  does  not  seem  out  of  place  here. 

The  percentage  of  copper  in  the  ores  in  question  (comp.  p.  98) 
is  mostly  so  small,  rarely  above  4  per  cent.,  that  its  extraction 
by  smelting  would  not  pay.  This  can  only  be  made  possible 
at  the  outset  by  carrying  on  the  first  necessary  operation  (the 
calcining  or  burning)  in  such  a  way  that  the  calcining  gas  does 
not  go  away  into  the  air,  but  is  taken  into  lead  chambers  and  sul- 
phuric acid  made  of  it,  which  helps  to  pay  for  the  ore.  But  some- 
thing else  is  necessary  in  practice.  The  cinders  from  burning  the 
ore  are  still  too  poor  in  copper  to  be  smelted  in  the  usual  way. 
They  might  possibly  be  smelted  to  coarse  metal,  with  a  mixture  of 
a  little  'green  pyrites,  siliceous  sand,  and  slags ;  and  this  coarse 
metal  might  be  sent  to  copper-works  for  further  treatment ;  but 
in  that  case  only  a  portion  of  the  copper  would  be  obtained,  and 
the  expense  would  be  barely  covered.  When  the  quantity  of  poor 
ore  coming  into  the  market  became  larger,  this  way  of  utilizing  it 
was  out  of  the  question.  Other  drawbacks  in  smelting  for  coarse 
metal,  as  they  were  observed  at  Oker,  will  be  mention^  below. 

Accordingly,  since  1865,  the  copper  of  poor  ores  is  always  ex- 
tracted in  the  wet  way.  From  immemorial  times  the  pit-waters 
arising  from  weathered  ore  have  been  precipitated  by  metallic  iron, 
and  cement  copper  obtained  in  this  way ;  but  the  processes  for  con- 
verting the  copper  purposely  into  such  compounds  that  it  becomes 
capable  of  being  dissolved  and  precipitated,  all  date  trora  a  recent 
period.    Exact  descriptions  of  the  former  processes  are  found  in 
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Percy^s  '  Metallurgy/  more  recent  processes  in  StolzePs  '  Metal- 
lurgie/  i.  p.  714,  and  in  Hofmann's  '  Bericht '  of  1873,  p.  885  (this 
article  is  from  the  pen  of  Professor  Kerl) .  Most  of  the  Tolumes  of 
Wagner^s  '  Jahresberichte '  contain  the  literature  of  this  branch. 

It  is  beyond  the  scope  of  this  book  to  enter  specially  upon  all  the 
proposed  or  really  carried-out  processes  for  copper- extraction  in  the 
wet  way;  we  must  refer  the  reader  to  the  authorities  just  mentioned, 
and  we  shall  only  describe  that  process  which  for  a  number  of  years 
has  been  exclusively  employed  for  working  up  the  cinders  from 
vitriol-works,  viz.  the  chlorinating  calcination,  followed  by  the  jwe- 
cipitation  by  means  of  iron.  It  appears  that  the  interesting  process 
of  lixiviating  by  means  of  ferrous  chloride,  originally  proposed  by 
Schaffner,  but  generally  called  after  Sterry  Hunt  and  Douglas,  is 
not  in  use  at  vitriol-works  or  at  the  copper- works  in  immediate 
connexion  with  these ;  we  must  therefore,  in  respect  of  this  also, 
refer  to  the  originals. 

The  first  attempts  in  this  way  seem  to  be  referable  to  Hunt 
(patent  of  Jan.  21,  1840),  and  especially  to  Lougmaid  (patents  of 
Oct.  20, 1842,  and  Jan.  1, 1844).  The  latter  exactly  described  the 
principles  of  the  process,  as  it  is  carried  out  to-day,  certainly  with  a 
view  to  making  salt-cake  and  chlorine  as  the  principal  products ; 
and  he  also  worked  it  out  on  a  large  scale ;  so  that  he  must  be  re- 
garded as  the  founder  of  the  wet  extraction  of  copper.  Certain 
small  improvements  were  patented  at  different  times — for  instance, 
by  Gossage  on  July  17th,  1850.  We  find  much  later,  in  1856,  the 
process  started  with  a  good  deal  of  noise  as  a  novel  one,  by  Bechi, 
of  Florence,  and  Haupt,  of  Freiberg,  for  working  the  ores  at  Capanne 
Vecchie  (Wagner's  Jahresb.  1858,  p.  68).  It  is  strange  that,  16 
years  after  Longmaid,  such  a  distinguished  metallurgist  as  Gruner 
could  ascribe  the  success  of  Bechi's  process  less  to  the  influence  of 
the  common  salt  than  to  the  fine  grinding.  Bechi  and  Haupt^s 
process  was  patented  in  England  in  the  name  of  Hahner  on  March 
7th,  1856 ;  it  differs  from  Longmaid's  process  merely  by  much 
greater  complication,  such  as  calcining  three  times  instead  of  once, 
and  has  long  since  been  given  up.  Schaffner  (Wagner's  Jahresb. 
1862,  p.  119 ;  1871,  p.  139)  improved  the  process  in  several  respects; 
but  it  was  carried  out  on  a  large  scale  chiefly  in  England,  by  Phil- 
lips, Henderson,  Tennant,  and  others. 

Spongy  iron  was  first  employed  by  Gossage  -,  it  was  again  patented 
by  Aas  in  1861,  and  again  by  G.  Bischof  in  1862. 
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The  process  now  generally  employed  in  England  has  been  prin- 
cipally described  by  Ciapham  (Chem.  News,  xxiii.  p.  26),  Wedding 
and  Ulrich  (Wagner's  Jahresb.  1872,  p.  152),  Gibb  (Chem.  News, 
xxxi.  p.  165,  and  several  publications  of  the  Tyne  Chemical  Society), 
by  the  author  (Dingl.  Joum.  cciv.  p.  288,  ccxiv.  p.  466,  ccxv.  pp. 
54  &  229,  ccxix.  p.  323) ;  the  process  at  Oker  by  Brauniug  (Preuas. 
Zeitschr.  f.  Berg-,  Hiitten-  n.  Salinenwesen,  1877,  p.  156).  In  the 
following  description  the  above  sources  are  used,  along  with  the 
author's  notes  taken  at  several  copper-works. 

The  three  most  important  ores  employed  in  the  English  factories 
contain  from  47  to  49  per  cent,  of  sulphur,  and  the  following  quan- 
tities of  copper  and  silver : — 

Copper.  SilTer. 

per  cent.  ounce,  troj,  per  ton. 

Rio-Tinto 380  1-20 

Tharsis  3*50  0*75 

San-Domingo   3*70  0*75 

(N.B.  An  ounce  troy  is  =480  grains;  there  are  32,666  ounces 
troy  to  the  ton.) 

The  "  ordinary  copper-ores  '^  at  Oker  generally  consist  of  60  per 
cent,  iron-pyrites,  23  per  cent,  copper-pyrites,  6  blende,  2  galena, 
9  ganguc  (complete  analysis,  p.  114). 

The  percentage  of  sulphur  in  the  cinders  as  they  are  supplied  by 
the  acid-works  varies  extremely ;  hardly  ever  falling  below  2  per 
cent.,  it  sometimes  rises  above  10  per  cent.  The  latter,  to  be  sure, 
results  from  very  bad  work  indeed ;  but  4  to  5  per  cent,  is  consi- 
dered very  fair  work ;  and  as  much  is  indeed  required  for  the  wet 
copper-extraction,  the  sulphur  may  even  amount  to  1^  times  as 
much  as  the  copper,  but  no  more.  At  Oker  the  cinders  are  deli- 
vered to  the  extracting  works  with  5  to  8  per  cent,  sulphur  and  6 
to  9  per  cent,  copper.  If  the  pyrites  arrives  too  well  burnt  from 
the  acid-works,  the  copper- works  add  a  little  green  pyrites  in  order 
to  have  sufficient  sulphur  for  the  first  stage  of  their  process. 

The  following  analyses  by  Gibb  show  the  composition  of  the 
pyrites-cinders  as  the  copper- works  receive  them  : — 
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Eio-Tinto. 

Tharsia. 

San- 
Domingo. 

Ytteroen 
(Norway). 

r  OoDDer 

1-65 

364 

3-53 

275 

202 
•47 
•0037 
•007 
•013 
•20 
77-40 

610 
•24 

1-45 

1-50 
323 
315 
2-56 

•55 

•70 

•0023 

•032 

OlO 

•25 

77-00 

525 

•17 
6-85 

155 
3-76 
362 
270 

•47 

•84 

•0023 

•033 

013 

•28 

7815 

680 

•26 
1-85 

101 
3-33 
310 

•39 
6-46 

•06 

« •   Iron 

Sulphur    

Cupric  oxide 

Zinc  oxide 

Lead  oxide 

Silver 

Cobaltie  oxide   

Bismuth  oxide  

Calcium  oxide   

230 

6806 

656 

•05 

8-74 

Ferric  oxide  

SulDhuric  acid  

ArsAnip  acid    . ,  , 

Insoluble  residue 

9947 

100-25 

99-31 

100-06 

*  Calculated  as  Cu^S  and  Fe^S,. 

Phillips  states  the  following  as  the  composition  of  cinders  from 
San-Domingo  ore : — 

Sulphur 3-66 

Arsenic 0*25 

Iron    58-25(=83-0Fe8O3) 

Copper  4*14 

Zinc    0-37 

Cobalt    trace 

Lead  1-24 

Lime 0*25 

Insoluble    1-06 

Moisture    3*85 

Oxygen  and  loss    26*93 

Wedding  and  Ulrich  found  in  samples  from  Widnes  (a)  and 
Hebburn  (A)  : — 

Sulphur.  Copper, 

a.                b.  a.                b, 

Altogether  412        375  4-08         575 

Of  this  soluble  in  water. . .     43  p.  c.    37  p.  c.  46  p.  c.    26*1  p.  c. 

„     HCl  ...     55            59  22-2         133 

In  the  residue 2              4  318        60-6 

100          100  100          100 
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According  to  Hjelt  the  cinders  from  Spanish  pyrites  contain  019 
per  cent,  arsenic. 

The  Oker  cinders  showed^  on  an  average  of  a  month's  work : — 

Copper  (principally  as  CuO)     7*83  p.  c. 

Iron  (principally  as  FcjOj,)  40*53 

Lead(asPbO)  2-09 

Silver 0*008 

Zinc(asZnO)    1*95 

Manganese  (as  MngOJ 0*40 

Sulphur 3-80 

Sulphuric  acid  (corresp.  to  3*8  S)   ...  9'51 

Alumina 4* 43 

Other  gangue    11  '65 

The  sulphur  must  be  mostly  in  combination  with  iron,  sinc^ 
uubumt  crude  ore  could  be  seen  as  cores  on  breaking  up  the  lumps. 
The  sulphuric  acid  is  partly  combined  with  lime,  partly  with  metals, 
probably,  as  may  be  inferred  from  the  well-known  processes  of  roast- 
ing, in  the  first  line  with  CuO  and  ZnO,  in  the  second  line  with  FeO 
or  Fe^Og.  From  this  the  following  would  appear  to  be  the  most 
probable  composition  of  the  cinders  : — 

CuO    9-80  p.  c. 

Fe^Oa 5314        (  =  87-2  Fe) 

FcSg    7-13        (=  3-8  S) 

PbO    2-25 

Ag 0-008 

ZnO    2-43 

Mn304    0-57 

SOg 9-51 

AlgOa 4-43 

Other  gangue     ...  11  '65 


100-918 


These  cinders  were  formerly  utilized  in  small  blast-ftimaces  7  ft. 
Iiigh,  the  first  smelting  yielding  a  rich  coarse  metal  (55  per  cent.) 
and  a  little  blister-copper.  Higher  furnaces  could  not  be  nsed^  on 
account  of  the  large  percentage  of  FcgOj,,  which  would  have  been 
partly  reduced.     The  drawbacks  of  this  smelting  were  the  short 
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duration  of  the  furnace-lining  {47  to  72  hours),  and  great  loss  of 
metal  by  the  slag  and  the  flue-dust.  Therefore,  instead  of  smelting 
them,  the  cinders  have  latterly  been  worked  up  by  the  wet  process. 

The  cinders  ore  &at  finely  ground,  either  by  crushing-rollere  or 
by  edge-runners,  and  at  tha  same  time  mixed  with  a  sufficient 
quantity  of  todtum  chloride,  usually  in  its  cheapest  form,  viz,  rock- 
salt.  This  addition,  where  the  furnaces  are  worked  by  hand,  varies 
from  10  to  20  per  cent.,  on  an  average  it  is  15  per  cent.  But  with 
the  mechanical  furnace  to  be  described  below,  only  7^  of  salt  per 
cent,  of  burnt  ore  are  required.  The  ground  mixture  is  passed 
through  a  cylindrical  sieve  with  8  boles  to  the  inch ;  the  coarse 
particles  are  sent  back  to  the  mill,  where  they  are  ground  down 
completely,  so  that  the  mixture  always  remains  the  same.  The 
whole  being  finely  ground,  it  is  filled  into  iron  bogies  and  run  on 
tramways  over  the  calcining  furnaces. 

At  Oker  the  cinders  are  mixed  with  15  per  cent,  (formerly  20 
per  cent.)  of  Stassfurt  potash  salts  (camallite)  and  are  ground  down 
to  the  size  of  2  millims.  The  Staasfurt  salts  contain  the  chlorides 
of  magnesium,  potassium,  sodium,  and  calcium,  all  of  which  assist 
in  the  calcining  process. 

The  calcination  takes  place  in  furnaces  of  very  different  kinds. 
These  may  be  classed  as  follows : — 

1.  Ordinary  reverberatory  furnaces,  similar  to  black-ash  furnaces. 
These  were  in  use  at  first,  but  have  been  given  up  long  since. 

2.  Reverberatory  furnaces  with  gaseom  fuel.  These  are  princi- 
pally used  in  Lancashire ;  tliey  are  illustrated  by  figs.  284  to  287. 

Fig.  284. 
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Three  generators  furnish  the  gas  for  eight  calcioing  furnaces;  it 
passes  from  the  main  lluc  into  the  flue  E  across  the  width  of  the 
furnace ;  from  this  it  rises  tliroiigh  5  vertical  flues  G,  each  of  them 
provide  with  a  damper ;  it  tlieu  travels  through  the  flues  F  below 
the  fumaco-hcd,  thcti  directly  over  the  charge  and  through  the 
outlet  M  to  the  condensers.  The  air  for  combustion  ia  introduced 
by  two  tiers  of  holes  with  slides  in  each  of  the  two  funiace-eods 
(figs.  286  &  287),  HO  that  one  of  the  tiers  commuuicatcs  with  the 
flues  below  the  bed,  the  other  with  the  space  above  the  fire-bridge. 
Thus  the  combustion  can  he  regulated  so  that  some  uubumt  gas 
gets  as  far  as  the  fire-bridge  and  is  only  lighted  there.  H  H  are 
the  working-doors;  K,  charging- holes  in  the  arch,  closed  by  loose 
metal  plates  and  fine  ore  on  the  top  of  these ;  I,  biuding-plates. 
Each  furnace  holds  4u  cwt.  of  ore. 

Similar  furnaces  arc  used  at  Oker ;  these  are  represented  in  fig», 
288  to  291.     Tlicy  work  two  charges  of  21  tons  each  every  24  houi«. 
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Here/marks  the  main  channel  for  the  gas;  gg,  5  channelB  for  the 
Bame  below  the  fumace-bcds ;  h,  the  slits  for  introducmg  the  air; 
I,  the  outlet  for  the  mixed  fire-  and  calcining-gas  to  the  condenaer; 
I,  the  vorking-holes ;  m,  the  cbargiDg- hopper. 

3.  Blind  roasters  (muffles),  employed  at  all  the  works  of  the 
Tharsis  Sulphur  and  Copper  Co.,  figs.  293  to  204.     Here  the  flame 


I 


I 
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does  not  come  into  direct  contact  with  the  charge,  but  only  acts 
through  the  brickwork  of  the  bed  and  the  arch.  The  charge  is 
worked  in  the  muffle  G,  with  the  working-  and  discharging-doora 
M.  Its  bottom  is  formed  b;  fire-clay  slabs  covering  the  fire-flues 
VL ;  its  cover  by  a  thin  arch.  The  ore  is  spread  in  a  thin  layer, 
and  receives  the  air  necessary  for  its  roasting  only  through  the 
working-doors  M ;  in  the  other  part  of  the  furnace  the  oxygen  con- 
tained in  the  fire-gas  is  active  as  well.  The  flame  from  the  double 
grate  H  first  travels  by  I  over  the  muffle-arch,  then  downwards  in 
three  channels  on  each  side  (V,  &  V'g).  The  gas  of  each  three 
channels  is  united  in  a  flue  (L  &  L'},  aud,  after  having  returned  in 
the  opposite  direction,  descends  by  m  into  the  flue  n  situated  below 
the  ground-line,  which  enters  the  main  chimney,  o  is  the  regu- 
lating damper ;  p,  the  outlet  for  the  calcining-gas,  which  descends 
by  r  to  the  horizontal  subterraneous  flue  q,  and  thence  arrives  at 
the  acid -condensers.  The  metal  dish  N,  on  the  top  of  the  furnace, 
serves  for  a  first  heating  of  the  mixture ;  it  communicates  with  the 
muffle  through  several  pipes,  usually  covered  with  a  metal  plate ; 
by  raising  the  latter  the  mixture  is  let  down  into  the  muffle. 

4.  Combined  furnaces,  uaed  by  the  Bede  Metal  Company  at  Heb- 
bnm-on-Tync  (shown  in  figs.  295  to  298).     Here  the  flame  of  the 


fire,  a,  (Iocs  not  [iluy  dircc-t  upon  ila-  i'1.ui'<,'l',  Ijut  in  kept  off  it  br  u 
arch,  b,  reaching  half  the  length  of  the  funiacc ;  after  this  the  flame 
touches  the  fnniacc-lxrd  directly  and  descends  by  e  in  order  to 
return  by  8  clianuels,  d  d,  bcuenth  the  fumace-bed,  and  to  eac^pe 
at  e  into  an  underground  flue  hading  to  an  acid-condenser.  The 
working-doors  //  ttervc  for  stirring  and  discharging ;  the  pan  a 
for  a  first  heating  of  the  charge ;  the  pipes  A  h  for  dropping  it  into 
the  furnace.  The  purpose  of  the  arch  b  is  to  avoid  overheating 
those  portions  of  the  ore  nearest  thcfire-bridge,  in  which  the  copper 
might  easily  be  roasted  dead ;  in  fact  the  hottest  part  of  these  fur- 
nacca  is  that  behind,  the  part  below  the  protecting  areh  hardly  at- 
taining a  dark-red  lieat. 

5.  Mechanical  calcining-fumaces  with  rerolving  hearth,  patented 
in  1872  by  Gibb  and  GclBthar])e,  and  12  of  which  exist  at  the  Bede 
metal-works.     Figs.  399  to  302  represent  this  furnace.     The  bed 
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coiiHists  of  a  circular  pan,  b  b,  made  of  boiler-plate,  lined  with  Sr^ 
bricks,  D.  The  side  walls  {mm)  and  the  arch  (n)  form  the  other 
porta  of  the  calcining-space.     On  one  aide  there  is  &  fire-place,  C, 
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"whose  flame  travels  across  the  hearth  to  F,  whence  it  enters  an 
underground  flue  leading  to  the  chimney^  along  with  the  gas 
evolved  in  calcining.  The  pan  b  b  is  carried  on  wrought-iron 
girders  fixed  on  a  central  cast-iron  spindle  which  works  in  a  foot- 
step and  is  maintained  in  a  vertical  position  by  a  collar^  fitted  with 
brasses^  in  which  an  upper  bearing  of  the  spindle  works^  carried  by 
the  tubular  cast-iron  stays  gg.  This  pan  is  caused  to  revolve  in  its 
own  plane  on  the  central  footstep  by  an  endless  chain,  a,  carried 
round  a  sheave,  I,  from  which  it  passes  over  the  guiding  pulleys 
i  t  to  the  horizontal  sheave  underneath  the  pan. 

A  small  pump,  driven  by  the  same  main  shaft,  constantly  pumps 
lubricating  oil  from  a  tin  vessel  into  the  footstep,  the  excess  of  oil 
running  back  into  the  same  vessel  again.  The  hearth  is  traversed 
by  a  cast-iron  plough,  G,  made  to  reciprocate  in  a  radial  line  of 
the  circle  by  the  wrought-iron  arm  H  connected  with  the  cross 
head  K.  The  motion  of  this  cross  head  is  equal  to  the  radius  of 
the  hearth,  and  is  derived  from  the  driving-shaft  L  by  means  of  the 
worm  and  scroll-wheel  c  and  the  pair  of  spur-wheels  d  and  e,  the 
larger  of  which,  by  means  of  the  crank-pin  and  connecting-rod/, 
gives  a  i^eciprocating  motion  to  a  lever,  the  forked  upper  end  of 
which,  by  means  of  pins  working  in  slots,  moves  the  cross  head  with 
the  plough-arm  and  plough.  The  speeds  of  the  circular  hearth  and 
the  plough  are  so  adjusted  that  the  plough  does  not  travel  more 
than  its  own  breadth  during  one  revolution  of  the  hearth ;  so  that 
every  part  of  the  circle  of  the  hearth  is  gone  over  by  the  plough  in 
each  journey  from  or  to  its  centre. 

The  furnace  is  charged  by  means  of  the  hopper  E,  let  into  a  slit 
of  the  arch,  and  discharged  by  a  set  of  parallel  plates  M,  which  are 
arranged  obliquely  across  a  radial  line  of  the  circle  of  the  hearth  on 
the  opposite  side  of  the  centre  to  that  in  which  the  plough  travels. 
These  plates  are  rigidly  bound  together  at  top  and  bottom,  and  sus- 
pended by  a  chain,  so  that  they  can  be  raised  out  of  or  lowered  into 
the  furnace  through  the  roof.  The  plates  are  shown  in  the  furnace 
in  the  position  for  discharging,  with  a  plate,  o,  fixed  iir  the  doorway, 
folded  against  the  outer  plate  of  the  series  M.  \Y^en  the  discharg- 
ing-plates  are  in  this  position,  each  throws  the  oi;p  carried  against 
it  by  the  revolution  of  the  hearth  towards  the  circumference  into 
the  path  of  the  next  outward  plate,  by  which  it  is  again  thrown 
outwards  at  the  next  revolution,  to  be  at  length  propeUed  against 
the  doorway -plate  o,  which  throws  it  firom  the  edge  of  the  hearth 
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on  a  Bhoot^  p,  over  ^hich  it  runs  onto  the  floor  outside  the  furnace. 
When  the  furnace  is  working,  the  plates  are  raised  through  theroo^ 
and  the  opening  through  which  they  pass  is  closed  by  a  slide.  l%e 
bolt  N  fixes  the  plates  in  their  position. 

In  order  that  the  pan  may  freely  revolve  round  the  spindle,  the 
side  walls  m  m  arc  1  inch  apart  from  the  edge  of  the  pan ;  the  sir 
rising  in  this  intermediate  space  causes  the  oxidation.  The  brick- 
work reaches  down  to  the  ground-line ;  and  the  machinery  under- 
neath the  hearth  is  only  accessible  by  an  iron  door,  so  that  it  is 
protected  from  the  coal-  and  ore-dust.  Every  part  of  the  machinery 
is  very  strong,  and  not  liable  to  get  out  of  repair — excepting  the 
cast-iron  plough,  G,  which  must  be  replaced  once  a  fortnight,  but 
at  a  smaller  expense  than  that  of  the  tools  in  a  furnace  worked  by 
hand.  The  plates  M  suffer  very  little,  because  they  are  only  for 
a  very  short  time  exposed  to  the  fire.  The  twelve  furnaces  at  the 
Bede  Metal-works  arc  driven  by  two  steam-engines  of  18  indicated 
horse-powers  each. 

All  these  different  descriptions  of  furnaces  have  the  same  object; 
and  the  style  of  working  is  accordingly  very  similar  in  all  cases. 
The  ore  must,  of  course,  be  completely  roasted — that  is,  sufficiently 
to  convert  the  copper  into  sulphate,  which,  owing  to  the  presence 
of  sodium  chloride,  at  once  forms  with  this,  by  mutual  decomposi- 
tion, cupric  chloride  and  sodium  sulphate;  whilst  the  iron  should 
be  converted  as  completely  as  possible  into  ferric  oxide,  so  as  to  be- 
come insoluble.     In  this  process,  owing  to  the  simultaneous  action 
of  SO3  and  O  upon  NaCl,  chlorine  is  evolved,  which  must  greatly 
aid  in  chlorinating  the  copper  as  well  as  any  other  metal  present. 
At  the  same  time,  principally  HCl  is  formed,  which  converts  the 
oxides  of  copper,  silver,  zinc,  &c.  into  chlorides,  whilst  at  the  cal- 
cining-tcmperature  ferric  chloride  cannot  continue  to  exist  as  such. 
At  Oker  the  formation  of  hydrochloric  acid  is  purposely  aided  by 
using  camallite  in  lieu  of  common  salt,  as  the  MgCl^  contained  in 
the  former  readily  yields  MgO  and  HCl.     This,  however,  is  not 
absolutely  requisite,  as  with  2  NaCl  the  CUSO4  already  produced  in 
calcining  yields  CuCl^  and  Na2S04.     Cu^Cl^  also  is  always  formed 
at  the  same  time.     Since  the  chlorides  of  copper  are  both  unstable 
and  volatile  at  very  high  temperatures,  a  low  red  heat  ought  not  to 
be  exceeded ;  so  that  any  copper-pyrites  still  present  in  the  cinders 
is  not  burnt,  and  therefore  escapes  chlorination.      Accordingly, 
copper-pyrites  (or  Cu^S)  ought  not  to  be  present  in  any  quantity 
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for  the  wet-extraction  process ;  and  consequently  ores  with  more 
than  8  per  cent,  of  copper,  which  can  never  be  roasted  with  suffi- 
cient completeness  in  the  chemical  factories,  cannot  be  utilized  by 
this  process,  but  only  by  smelting. 

Manifold  experience  has  taught  that  without  employing  common 
salt  (that  is,  without  chlorinating)  it  is  never  possible,  even  approxi- 
mately, to  hit  the  point  where  the  more  easily  decomposed  ferric 
sulphate  no  longer  exists,  whilst  the  less  easily  decomposable  cupric 
sulphate  is  still  present  as  such,  the  iron  being  then  present  in  an 
insoluble,  the  copper  in  a  soluble  form.  If  ferric  salt  remains  in  a 
soluble  form,  it  naturally  passes  over  into  the  lyes,  and,  in  the 
operation  of  precipitating  the  copper,  causes  a  great  loss  of  metallic 
iron  by  its  reduction  to  ferrous  salts.  If,  on  the  other  hand, 
much  copper  has  likewise  passed  into  an  insoluble  form,  more  mu- 
riatic acid  is  required  for  its  solution.  In  any  case  the  forma- 
tion of  some  cupric  oxide  and  cuprous  chloride,  insoluble  in  water, 
cannot  be  avoided. 

Wedding  has  observed,  and  described  in  detail,  the  calcining 
process  as  carried  on  at  "Widnes  in  a  gas-furnace.  The  charge,  of 
45  cwt.  of  ore  mixed  with  17  per  cent,  of  salt,  is  let  down  onto  the 
hearth,  spread  out  and  slowly  heated  till  a  low  red-heat  has  been 
reached  nearest  the  fire-bridge ;  the  charge  is  tiimed  over  and  left 
to  itself,  the  gas  being  shut  off,  but  the  air  being  allowed  to  enter, 
so  that  after  two  hours  scarcely  any  glowing  can  be  perceived  at  the 
fire-bridge.  After  one  hour's  and  three  hours'  calcining  respec- 
tively, the  copper  of  the  charge  behaved  as  follows  : — 

1  hour's  calcining.    3  hours*  calcining, 
per  cent  per  cent 

Soluble  in  water 54         ...         51 

HCl  38         ...         42 

NOaH  8         ...  7 

After  three  hours  the  charge  is  quite  dark,  and  is  now  well 
turned  over  with  a  slice  of  3  or  4  inches  breadth,  as  well  as 
with  a  rake ;  there  ought  to  be  no  necessity  for  giving  more  fire, 
as  the  temperature  should  from  the  first  have  been  raised  to  the 
proper  point.  On  raking  over  the  charge,  which  is  now  done  regu- 
larly with  short  interruptions  only,  the  temperature  rises  of  itself 
in  consequence  of  the  chemical  reactions,  the  rise  becoming  sensible 
after  4|  hours  (counting  from  the  beginning) ;  so  that  after  5^ 
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hours  a  dark-red  heat  has  been  reached.  Up  to  this  point  there  if 
a  copious  evolution  of  white  vapours  and  blue  flames  ;  from  this 
period  there  is  less  of  these,  and  it  is  the  calciner's  principal  task 
to  see  that  the  heating  of  the  charge  is  quite  equal  all  over^  and 
that  some  places  do  not  show  more  blue  flames  than  others.  After 
6^  hours  these  flames  are  almost  entirely  gone ;  and  this  fact^  along 
with  the  greenish-grey  colour  of  the  charge,  are  the  practical  tests 
for  judging  whether  the  operation  is  finished.  A  sample  is  now 
drawn;  and  if  its  examination  shows  the  completion  of  the  calcining- 
process,  the  charge,  which  has  now  been  6^  or  6f  hours  in  the 
furnace,  is  drawn  out.     Of  the  copper  now 


75  per  cent,  is  soluble  in  water, 
20  „  „  HCl, 

5  „  „  NOaH. 


>> 


}} 


Good  workmen  can  finish  the  calcining  in  a  gas-furnace  in  six 
hours. 

Wedding  observes  that  the  watery  solutions  constantly  show 
more  sulphur,  and  that  the  testing  of  the  calcined  ore  of  different 
works  proves  the  process  to  be  carried  out  very  unequally ;  but  it 
is  certain  that  the  best  results  arc  in  fact  got  by  the  most  carefiil 
work.  The  calciner's  task  is,  iirst  to  heat  the  charge  and  thus  to 
start  the  chemical  reactions,  but  then  to  maintain  these  at  the 
lowest  possible  heat  up  to  the  finish,  and  to  spread  them  equally 
through  the  whole  mass.  It  is  of  great  importance  not  to  leave  the 
ore  any  longer  in  the  furnace  than  exactly  the  necessary  time ;  this 
is  made  difficult  by  the  depth  of  the  layer  of  ore,  viz.  5  or  6  inches 
— which,  on  the  other  hand,  facilitates  the  chlorination,  since  the 
gas  rising  in  the  ore  heated  both  at  top  and  bottom  has  all  the  more 
opportunity  of  coming  into  contact  with  all  parts  of  it. 

Evidently  the  process  is  altogether  dependent  upon  the  skill  of 
the  workman,  whilst  with  the  mechanical  furnace  of  Oibb  and  Gels- 
tharpe  only  the  firing  needs  attention.  In  the  latter  furnace  indeed 
a  lower  heat  is  sufficient,  one  that  never  reaches  a  red  glow  yisiUe 
in  daylight. 

At  Oker,  where  gas-furnaces  exactly  like  those  at  Widnes  are 
used,  each  charge  of  50cwt.  of  ore  with  15  per  cent,  potash  salts  is 
brought  to  a  low  red  heat  in  four  hours ;  the  firing  is  then  inter- 
rupted and  the  mass  raked  over.     Owing  to  the  chemical  reactions^ 
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the  heat  at  first  increases^  but  towards  the  end  goes  back  again. 
During  the  turning-over  stage^  which  lasts  five  hours,  the  air-slides 
are  opened  to  admit  the  air  to  the  charge;  after  that  time  the 
charge  is  drawn.  Two  charges  are  put  in  every  24  hours.  Ana- 
lysis of  a  sample  taken  in  the  middle  of  the  calcining-process  (the 
mixture  containg  20  per  cent,  camallite)  : — 


Soluble  in  water. 

per  cent.  per  wnt. 

Cu  1  04,  oalo.  as  CuOla   311 

Ag  0003,    „       AgCl 0-004 

Fe  0-74,      „        FeCL,    168 

AlA  0-11,      „       Al,(SO03 0-39 

Mn  069,      „       MnOlj 158 

Ni  0-20,      „        NiCla    0-44 

Zn  1-60,      „        ZnCl^   340 

CaO  276,       „        CaCla   627 

MgO  \ 

K.p  \  „        Sulphates 1816 

Na.p  ) 


35024 


Insoluble  in  water, 

per  cent.  per  cent. 

I  CuO  sol.  in  I  5.12 

Cu         4-32,  calo.asr    f^\  .   { 

J  Cu,S  sol.  in  I Q^ 

^  aqua  regia  J 
Pb         039,      „      PbSO^  0-57 

(Fe^Oj 45-38 

Fe       34-49,       „      <  Fe^^CSOJ,  ...  3*27 

^FeSj  2-64 

ALP3     3*30,       „      Al.,0,    3-30 

Mn        0-03,       „      Mn.,03  0*04 

Zn+KiO-29,       „      ZnO+NiO   ...  0*36 

CaO       045,       „      CaSO^  1*09 

SO3        1-86 

S  1-47 

CI  trace. 

Indoluble  in  acids   2*96 


6602 


Sample  of  calcined  ore  taken  at  the  finish  : — 


Soluble  in  water. 


Cu 


Fe 

ALA 

Zn 

Mn 

Ni 

CaO 

MgO 

K,0 

Nap 


per  cent 
3*86,  calc 
0005, 
060, 
0-17, 
1*64, 
0*75, 
0*07, 
1-60, 


»i 


X 


f> 


If 


tf 


l» 


per  cent. 

as  CuHj  8-17 

Aga 0-006 

FeCL,    1-38 

AL^CSOJ, 0-56 


ZnOl 


3-42 


} 


>i 


fi 


MnCl,  1-71 

NiCla    016 

CaClj    317 

Sulphates 20*50 


39066 


Cu 
Pb 

Fe 


Insoluble  in  water. 

per  cent.  per  cent. 

2-57,  calc.  as /C"0 3-18 

'  lCu,8    0.03 

„     PbSO, 1*26 

rFeA  47-91 


117, 
34-56. 


A1,0, 
Zn 


0-44, 
0*37, 


fi 

»» 
If 

II 


^63(80^3...  1-02 


iFeSa 
A1,0, 
ZnO... 


118 
0*44 
0-46 


CaSO^  119 


Mn+Ni  trace. 

CaO         0*49 

SO,  149 

CI  trace. 

S  0-64 

Insoluble  in  acids  3*69 

60-36 
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The  mechanical  furnace  has  the  advantage  also  in  respect  o[  the 
addition  of  salt ;  only  7^  per  cent,  of  salt  is  required  in  it,  against 
15  in  the  hand-furnaces.  Often  only  a  portion  of  the  salt  is  mixed 
with  the  ore  at  the  outset^  and  the  remainder  added  afterwards.  In 
the  blind  roasters  the  ore  is  calcined  first  nine  hours  with  12  per 
cent,  salt^  and  another  three  hours  with  8  per  cent,  more  salt.  In 
the  combined  furnaces  with  protecting  arch  the  weight  of  ore  is 
58  cwt.^  and  the  time  of  calcining  eight  hours ;  in  the  mechanical 
furnaces  5  tons  and  nine  hours. 

Gibb  gives  the  foUowiug  analyses  of  the  results  of  calcina- 
tion : — 


Cupric  chloride  . . . 
Cuprous  chloride . . 

Cupric  oxide 

Sodium  chloride  . . 
Sodium  sulphate  .. 
Insoluble  copper  . . 

Total  copper 


Qas-furimco. 


p.  0.  Cu  p.  c. 

4-03  =  190 

•32  =     -20 

1  26  =   1-00 

2ro* 

1318 

•15 


3-25 


Cl'jse  furnace. 


p.  c.      Cu  p.  c. 
4  25  =  2-00 


•a5  = 

•88  = 
340 
1740 


•21 
•70 


•12 


3-03 


Mechanioal 
Aimaoei 


p.  c 

6-70 

nil 
•32 

0-00 
14-03 


Cu  p.  c. 
=  3  15 

=     '25 


13 
3*53 


The  principal  point  is  always  this,  that  as  little  copper  as  possible 
should  remain  in  a  state  insoluble  in  water  and  dilute  acids.  In 
the  above  cases  the  quantity  varies  from  0*12  to  0'15  percent. ;  the 
slightly  more  favourable  result  of  the  blind  roaster,  according  to 
Gibb,  is  far  more  than  counterbalanced  by  its  greater  consumption 
of  fuel  (50-100  per  cent.).  The  most  favourable  result  is  obtained 
with  the  mechanical  furnace,  in  which  next  to  no  cuprous  chloride 
and,  even  with  the  worst  ores,  rarely  more  than  0*25  per  cent,  of 
CuO  are  formed. 

At  Oker  the  average  result  of  the  constantly  taken  samples  of 
calcined  ore  is  this  :  75  per  cent,  of  the  copper  contained  in  the  ore 
is  soluble  in  water,  20  per  cent,  in  dilute  muriatic  acid,  and  5  per 
cent,  in  aqua  regia. 

If  the  pyrites  contains  more  than  4  per  cent,  copper^  the  cinders 
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in  England  cannot  be  worked  with  advantage  by  the  wet  process. 
At  the  Bede  Metal-works  many  experiments  have  been  made  with 
richer  ores ;  but  with  6  per  cent,  copper  the  salt^  the  coals,  and  the 
labour  are  already  too  dear.  In  this  case^  however^  another  cir- 
cumstance comes  into  play :  by  the  Cornish  copper  assay  about  2 
per  cent,  copper  less  than  the  truth  is  indicated ;  and  this  with  a 
poor  ore  of  course  amounts  to  a  much  larger  proportion  of  the 
whole  (sometimes  more  than  half)  than  with  richer  ores ;  thus  the 
former  are  cheaper  for  the  wet  process  than  the  latter.  In  the  Harz, 
where  this  reason  does  not  exists  ore  up  to  8  per  cent.  Cu  can  be 
extracted  by  the  wet  process. 

It  has  already  been  remarked  that  the  sulphur  in  the  cinders 
must  bear  a  certain  proportion  to  the  copper ;  with  a  4-per-cent. 
ore  it  ought  not  to  exceed  6  per  cent. ;  an  equal  percentage  of  S 
and  Cu  is  preferable.  If  less  S  is  present,  raw  pyrites  must  be 
added.  The  more  S  there  is  present,  the  more  salt  must  be  added, 
and  the  more  time  will  the  calcination  take. 

The  tests  for  ascertaining  the  completion  of  the  calcination  are 
of  a  very  simple  character,  which  is  all  the  more  necessary  as  they 
must  be  made  very  quickly.  A  certain  measure  of  the  charge,  not 
weighed,  is  lixiviated  by  water  and  dilute  HCl,  just  as  on  the  large 
scale ;  the  residue  is  boiled  with  aqua  regia,  supersaturated  with 
ammonia,  and  allowed  to  settle ;  the  more  or  less  blue  colour  of  the 
solution  of  ammonio-cupric  salt  gives  a  sufficient  indication  of  the 
percentage  of  insoluble  copper. 

Condensation  of  the  calcination-gas, — In  all  the  descriptions  of 
furnaces  mentioned  above,  except  the  blind  roasters,  this  gas  is 
mixed  with  the  fire-gas ;  but  even  in  these  it  is  mixed  with  air  to 
such  an  extent  that  a  condensation  of  strong  acid  is  not  very  well 
possible.  The  acid  is  a  little  more  concentrated  than  that  from 
open  calciners ;  but  this  matters  very  little,  as  it  is  always  used  in 
a  very  dilute  state  for  lixiviating.  The  calcination-gas  principally 
contains  (beside  oxygen  and  nitrogen)  SOj,  SOj,  HCl,  CI,  and  very 
small  quantities  of  metallic  chlorides.  Henderson  had  proposed  to 
volatilize  the  copper  entirely  as  CuCl^i  and  condense  the  latter  in 
towers ;  but  this  has  turned  out  quite  impracticable.  The  small 
quantity  of  copper  passing  over  into  the  condensers,  about  \  per 
cent,  of  the  whole,  is  not  lost,  as  the  condensed  acid  is  used  for 
lixiviating  the  charge. 
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The  condensation  of  the  gas  from  the  calciners  takes  place  in 
towers  of  exactly  the  same  kind  as  those  (described  in  detail  later 
on)  for  muriatic  acid — that  is  to  say,  made  of  brickwork  set  in  tar 
and  sand  (or,  better,  of  stone  flags),  and  packed  with  coke^  fire- 
bricks, and  the  like.  Coke  can  be  used  with  blind  roasteiB;  but 
the  other  furnaces  require  bricks  &c.,  and  must  hare  larger  con- 
densers^ as  these  have  to  serve  for  a  larger  volume  of  gas.  The  sixe 
of  the  towers  varies  with  that  of  the  plant;  for  12  fiiniaces  a  tower 
of  8  feet  square  and  40  to  50  feet  high  is  sufficient.  The  gas  enten 
at  the  bottom,  meets  a  spray  of  water  coming  from  the  top,  whidi 
washes  the  acids  out  of  it,  and  again  leaves  the  tower  at  the 
top,  whence  it  is  taken  downwards  into  a  flue  leading  into  the 
chimney. 

The  total  condensed  liquid  (a  mixture  of  weak  sulphuric  and  mii- 
riatic  acids ;  the  SO^  in  the  condensation  is  oxidized  to  SO4H9  hy 
the  action  of  the  chlorine)  is  used  in  the  succeeding  operation  c^ 
lixiviating,  and  frequently  is  not  even  sufficient  for  dissolving  all 
the  CuO  and  Cii^Clj. 

Lixiviation  of  the  calcined  mixtwe. — The  mixture  is  carried  in 
bogies  running  on  tramways  over  each  of  the  lixiviating  tanks,  and 
tipped  into  these.  The  only  available  material  for  the  tanks  is 
wood :  most  metals  are  excluded  by  the  nature  of  the  lixiviating 
liquid ;  stone,  asphalt,  &c.  both  by  their  costliness  and  by  the  heat 
of  the  charge.  As  such  lai^e  wooden  vessels  cannot  well  be  kept 
tight,  on  account  of  the  unavoidably  rough  treatment  and  the  hot 
acid  lyes,  the  whole  floor  of  the  lixiviating  shed  is  covered  with  a 
thick  layer  of  asphalt,  and  slopes  to  one  side,  so  that  all  liquors 
leaking  out  run  ofi*  to  a  catch-well,  into  which  enter  at  the 
same  time  earthenware  spouts  for  carrying  the  strong  copper- 
liquors. 

The  lixiviating  tanks  are  square,  about  11x11  feet  wide  and  4 
to  5  feet  deep,  made  of  well-seasoned  and  planed  3-inch  planks^  kept 
together  by  comer- pieces,  screw-bolts,  &c.  The  joints  are  tightened 
by  putting  on  a  little  red  lead  before  putting  the  planks  together ; 
the  bottom  joints  are  besides  caulked  with  tarred  spun  yam,  and 
the  whole  vessel  painted  with  hot  coal-tar.  At  Oker  lead-lined 
vessels  are  used,  which  are  very  expensive  and  frequently  needing 
repair.  On  the  bottom,  laths  on  end  are  placed;  upon  thefle, 
perforated  fire-tiles  or  boards ;  upon  this  false  bottom  a  layer  of 
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sifted  furnace-cinders  is  spread  out;  and  on  the  top  a  layer  of 
heather  or  coke  (at  Oker  of  straw)  3  to  6  inches  deep  is  put.  The 
liquors  are  conveyed  in  earthenware  and  india-rubber  tubes  of  3  to 
4  inches  diameter,  the  latter  provided  with  iron  pinch-clamps.  In 
order  to  force  the  liquors  from  one  tank  to  the  other,  or  from  the 
catch-well  into  the  tanks,  simple  stoneware  injectors  are  provided. 
Each  tank  has  a  steam-pipe  for  heating. 

Into  each  tank  about  10  tons  of  calcined  ore  are  put,  quite  hot 
from  the  furnaces,  and  are  first  covered  with  weak  liquor  from  a 
previous  operation,  which  gets  heated  by  the  heat  of  the  mass  itself. 
After  one  or  two  hours  the  now  concentrated  liquor  is  run  off  by 
a  plug-hole  below  the  false  bottom,  and  goes  forward  to  the  preci- 
pitation. The  plug  is  put  in  again,  and  the  lixiviation  continued 
by  hot  water  ;  thus  weaker  liquors  are  produced,  which  are  forced 
to  a  fresh  tank  as  just  described.  Generally  three  waters  arc  put 
on,  and  thus  most  of  the  purest  copper  and  95  per  cent,  of  all  the 
silver  contained  in  the  pyrites  are  obtained.  Then  follow  several 
(up  to  6)  washings  with  the  weak  condenser-acid,  or,  if  this  does 
not  suffice,  with  muriatic  acid  bought  for  the  purpose  and  much 
diluted.  This  is  not  necessary  with  mechanical  furnaces,  because 
the  copper-salts  from  these  are  mostly  soluble  in  water ;  but  it  is 
generally  necessary  with  hand  furnaces.  Even  when  no  acid  need 
be  bought,  but  sufficient  condenser- acid  is  obtainable,  a  saving  of 
acid  is  important,  since  the  condenser-acid  conveys  arsenic  and 
bismuth  into  the  copper. 

The  liquors  got  by  the  use  of  acid  contain  many  impurities, 
especially  As,  Bi,  Sb,  and  Pb — according  to  Gibb,  to  100  Cu, 
5*4  As,  and  0*3  Bi;  and  they  are  accordingly  treated  separately  in 
most  works,  because  they  yield  impure  copper. 

It  is  a  principal  rule  to  allow  each  water  only  to  stand  a  few 
hours  on  the  ore ;  the  nine  washings  of  each  tank,  together  with 
charging  and  emptying  it,  are  not  to  last  beyond  48  hours.  Ac- 
cordingly, for  each  5  tons  of  calcined  ore  obtained  per  diem  one 
tank  is  required,  and  besides,  on  the  whole,  a  few  reserve  tanks. 

The  residue  from  lixiviation,  after  draining,  is  tipped  on  a  heap 
and  afterwards  sold  to  the  iron-smelters.  Just  the  value  of  this 
residue  makes  the  wet  process  in  this  case  more  profitable  than  the 
dry  process,  as  it  forms  a  valuable  iron-ore,  going  by  the  name  of 
*^  purple  ore ''  or  "  blue  billy /^  The  following  is  the  composition  of 
two  average  samples  : — 

2r 
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Ferric  oxide 90-61  95-10 

Copper 0-15  0-18 

Sulphur    0-08  0-07 

Phosphorus  0  — 

Lead  sulphate  1*46  1-29 

Calcium  sulphate 0*37  0*49 

Sodium  sulphate 0*37  0-29 

Sodium  chloride  0*28  — 

Insoluble 630  2-18 

99-62         99-55 
Metallic  iron    63*42         66*57 

This  ore  is  thus  shown  to  be  very  rich  in  iron,  entirely  free  from 
phosphorus^  and  to  contain  very  little  sulphur ;  its  slight  percentage 
of  copper  does  no  harm.  The  only  drawback  is  its  fine  state  of  diri- 
sion.  Attempts  have  been  made^  but  unsuccessfuUy,  to  conglomerate 
it  by  means  of  lime  for  use  in  blast-furnaces  (see  above,  p.  581) ; 
but  success  has  been  obtained  in  employing  it  directly  in  its  pulfe- 
rulent  state  as  a  mixture  with  5  or  even  only  3  parts  of  lump  iron- 
ore  ;  using  limestone  in  addition,  both  grey  and  white  pig  can  he 
made  from  it.  Most  of  this  ore,  however,  is  used  for  *' fettling'' 
the  sides  and  bottom  of  puddling-furnaces  in  lieu  of  haematite,  for 
which  it  is  very  well  adapted.  Its  direct  conversion  into  iron  and 
steel  on  the  large  scale  has  not  yet  been  carried  out ;  but  experi- 
ments in  this  direction  made  quite  lately  in  America  with  the  Da- 
Puy  process  ('  Chemical  News,'  xxxix.  p.  36)  have  been  very  snc- 
cessful.  At  Oker  it  is  easily  used  up  in  the  various  metallnrgica] 
processes  there  carried  on,  and  even  its  small  percentage  of  copper 
is  turned  to  account.  They  obtain,  upon  100  parts  of  pyrites-cinders, 
75  parts  of  extraction  residues  of  the  following  composition  : — 

Ferric  oxide    79  per  cent. 

Alumina 3         „ 

Magnesia  and  alkalies   1         „ 

Lime   2*5      „ 

Sulphuric  acid    5*5      „ 

Insoluble  in  acids  6        „ 

The  purple  ore  is  the  more  valued  the  freer  it  is  from  siliceoiis 
gangue ;  and  for  this  reason  that  made  from  Spanish  and  Portu- 
guese is  preferred  to  that  from  Norwegian  pyrites. 
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Where  the  copper  is  precipitated  by  spongy  iron,  a  portion  of 
the  purple  ore  is  employed  for  preparing  the  latter. 

The  effect  of  the  lixiviation  is  best  seen  from  the  following  ana- 
lyses by  Gibb,  which  at  the  same  time  illustrate  the  great  differ- 
ence  of  work  between  mechanical  and  hand-worked  furnaces : — 


Meohanical- 

Fumaoe  Ore. 

, * ^ 

Copper, 
Soluble  in  Water : —  per  cent,  per  cent. 

Cupric  chloride 416        1*96 

CaprouB  chloride   none 

Cupric  sulphate 1*83  '81 

Ferrous  sulphate    *15 

Ferric  sulphate  '76 

Zinc  sulphate 2*01 

Calcium  sulphate  1*29 

Sodium  sulphate    9*17 

Sodium  chloride none 

Soluble  in  dilute  Hydrochloric  Acid : — 

Cuprous  chloride   "015        *01 

Cupric  oxide  '225        *18 

ir^.'^'P^'* Inotdetermin.d. 

Feme  oxide   J 

Residue  (by  difference) : — 

"Purple  iron  ore" 80"40  -08 

lOOOO        304 

Sodium  chloride  equiyalent  to  sodium 
salts  as  aboTe 7*56 


Hand-worked- 
Fumaoe  Ore. 


Copper, 
per  cent   per  cent. 

3-81        1-82 


•19 
none 
none 
none 
1-96 
1-39 
1113 
2-84 


•33 
1-01 


•12 


•21 
•81 


not  determined. 


77-55 


•11 


lOOOO       3-07 
11*81 


The  composition  of  the  copper-liquor,  according  to  Gibb,  is,  in 
grams  per  litre : —  , 

From  hand-work  From  meohanicsl 


Furnaces. 

Sodium  sulphate 144*1 

Sodium  chloride 63*9 

Chlorine  in    combination  1  gy.« 
with  heayy  metals  ... 


Y 


Copper 53*0 

Zinc 6*9 

Lead 0*6 

Iron 0*5 

Calcium    07 

Silrer  (H)47 


Fumaoee. 

Sodium  stilphate 110*9 

Sodium  chloride 4*1 


{Cuprous chloride    53*2 

Cuprio  chloride  0*8 

Zinc  sulphate  10*1 

Lead  sulphate 0*8 

Ferrous  sulphate 4*3 

Caldum  sulphate   5*0 

SilTer notestimaied. 

2r2 
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At  Oker  the  process  is  carried  out  in  the  following  way.  The 
calcined  charge  is  lixiviated  in  parcels  of  5  tons  each,  first  with 
the  ^^  final  liquor/'  which  is  always  regenerated  in  the  proce». 
100  parts  of  the  latter,  of  ri45  spec,  grav.,  contained  : — 

per  cent.  per  cent. 

CoO  +  NiO...     001 

CaO     012 

MgO   0-52 

Alkalies  2-61 

CI    2-56 

SO3 5-89 

As  +  Sb  trace 


Cu  .... 

0015 

Pb  .... 

trace 

FeO    . 

211 

FcOa 

015 

ALOo 

Oil 

8      3 

ZnO 

006 

MnO 

0-31 

Total  solids 

This  liquor,  already  heated  in  pumping  by  the  injector  to  50^  C,  is 
further  heated,  when  it  comes  into  contact  with  the  calcined  charge, 
by  the  solution  of  the  anhydrous  salts,  of  course  also  by  the  heat 
of  the  charge  itself,  nearly  up  to  the  boiling-point,  by  which  the 
solution  is  assisted.  When  the  charge  is  perfectly  penetrated  by 
the  final  liquor,  the  outlet-tap  is  opened  and  fresh  final  liquor 
runs  in  as  long  as  the  copper-liquor  running  away  at  the  bottom 
still  shows  a  blue  colour.  This  first  period  lasts  four  or  fire  bonis, 
and  furnishes  a  copper-liquor  of  1*355  spec,  grav.,  and  of  the  fol- 
lowing composition : — 

per  cent  per  cent, 

Cu 3-71  CoO  +  Nio  ...     004 

Pb 001  CaO     trace 

Ag 0005  MgO  0-27 

Bi   trace  Alkalies 10*60 

FeaOs+AlaOg.  029  CI    12-56 

ZnO    4-97  SO3 8-95 

MnO  0-58  As-hSb  032 

Total  solids 42305  per  cent. 

After  the  first  lixiviation  is  over,  the  dilute  condenser-acid^  first 
brought  to  boiling,  is  run  into  the  tanks  and  allowed  to  act  for 
twenty-four  hours;  then  it  is  run  ofl^,  and  a  third  lixiviation 
effected  by  dilute  sulphuric  acid.     For  5  tons  of  ore  2j^  cwt,  of 
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chamber-acid  of  lOe""  Tw.,  diluted  to  12''  Tw.  and  heated  to  the 
boiling-point,  is  employed,  and  allowed  to  remain  in  contact  with  the 
ore  for  two  days,  or  until  the  liquor  acquires  a  neutral  reaction. 
Its  analysis  showed  : — 

per  oeot.  per  cent. 

Cu 0-58  CaO    007 

AI2O3 -h  Fe^Os  .  213  MgO   004 

ZnO    006  Alkalies 062 

MnO 012  CI    0-13 

Co  +  Ni 002  SOa 239 

Total  solids 6*160  per  cent. 

The  first  copper-liquors  contain  most  of  the  silver,  and  are  there- 
fore kept  apart  from  the  later  liquors,  poorer  in  this  respect. 

The  cupric  chloride  is,  of  course,  easily  dissolved  in  the  final 
liquor ;  the  cuprous  chloride  in  the  presence  of  alkaline  chlorides  is 
also  dissolved  at  a  higher  temperature  without  diflSculty;  lastly,cupric 
oxide  is  to  be  converted  into  CuClg  and  Cu^Cl^  by  the  FeClg  of  the 
the  final  liquor,  and  to  become  soluble  thereby  (2FeCl2  +  3CuO= 
FcjOg  +  CujClg  -h  CuClg) ;  but  this  could  only  be  done  by  an  inti- 
mate mechanical  mixture  of  the  liquor  with  the  ore ;  and  it  is  there- 
fore preferred  to  dissolve  merely  75  to  80  per  cent,  of  the  copper 
by  means  of  the  final  liquor,  and  the  remainder  by  further  lixivia- 
tions  with  dilute  acids.  In  Brauning's  paper  no  hint  is  given  in 
what  way  the  increase  of  impurities  in  the  final  liquor  is  prevented. 
No  doubt  only  a  portion  of  it  is  taken  back  into  use,  and  another 
portion  run  to  waste ;  so  that  there  must  always  be  a  partial  renewal. 

Precipitation  of  the  Copper  from  the  Liquors. 

This  is  sometimes  preceded  by  a  special  treatment  for  obtaining 
the  silver,  which  will  be  described  afterwards.  The  precipitation 
of  the  copper  now  takes  place  everywhere  by  means  of  metallic 
iron,  since  the  ingenious  process  of  Oibb  has  been  given  up 
again.  The  latter  consisted  in  precipitating  the  copper  by  sul- 
phuretted hydrogen,  which  was  recovered  at  a  later  stage  of  the 
process ;  the  precipitated  cupric  sulphide  was  washed  and  pressed 
in  a  filter-press,  and  smelted  in  furnaces  in  the  usual  way  into 
'^coarse  metal.^'  The  acid  mother-liquors  containing  the  whole 
of  the  sodium  sulphate  were  evaporated  to  dryness  in  a  furnace, 
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mixed  with  small  coal  and  reduced  in  another  furnace ;  thiu  a  misi 
containing  nearly  35  per  cent,  of  sodinm  sulphide  and  2*4  per  cent 
of  sodium  carbonate  was  obtained.  This  was  lixiviated  with  hot 
water ;  the  solution  was  systematically  treated  with  impure  carbooic 
acid,  obtained  by  burning  coke ;  and  thus  on  the  one  hand  sulplia- 
retted  hydrogen  was  given  off,  which  served  for  precipitating  tic 
copper  in  the  first  stage  of  the  process ;  on  the  other  hand  a  solutiai 
of  sodium  carbonate  was  obtained,  which,  after  evaporation  and  cal- 
cinatioD,  went  into  the  trade  as  soda-ash.  But  this  process  was  omij 
applicable  to  the  liquors  obtained  from  the  mechanical  calcining- 
furnace  (that  is,  with  a  minimum  addition  of  common  salt) ;  for  in 
the  liquors  from  the  ordinary  hand-worked  ftimaces  there  woaU 
be  1  part  of  NaCl  to  each  4  parts  of  Na5S04,  which  would  funusk 
a  very  weak  soda-ash.  This  very  ingenious  process  was  worked 
out  in  all  its  details,  and  practically  carried  out  on  a  very  laige 
scale,  at  the  Bede  metal- works ;  but  it  has  been  given  up  again, 
partly  because  the  carbonic  acid  was  too  dear,  and  partly  because 
no  furnace-bottom  could  be  constructed  fit  for  resisting  the  add 
liquors  for  any  length  of  time — partly  also  because  the  quality  rf 
the  soda-ash  was  too  unequal — and  finally  because  the  copper  was 
only  obtained  as  sulphide,  and  had  to  be  smelted  at  a  greater  ex- 
pense than  that  precipitated  by  iron. 

For  this  latter  process  either  scrap  wrought  iron,  or  scrap  cast 
metal,  or  ^'  spongy  iron ''  reduced  from  the  residue  is  employed. 
Apart  from  the  latter,  the  thinnest  scrap  is  the  best,  such  as  the 
hoops  of  cotton  or  esparto  bales ;  but  as  light  scrap  is  generally 
rather  dirtier  than   heavy  scrap,  the  copper  from  the  former  is 
rather  more  impure  than  that  from  the  latter.     The  precipitation 
takes  place  in  wooden  tanks  exactly  of  the  same  kind  as  those  used 
for  lixiviation,  and  furnished  with  a  steam-pipe.     They  are  filled 
with  scrap-iron  ;  copper-liquor  is  run  upon  it,  and  steam  is  turned 
on ;  the  heating  is  continued  till  a  bright  strip  of  iron,  held  in  the 
liquid,  no  longer  indicates  the  presence  of  copper  in  solution.     At 
Oker,  according  to  the  degree  of  concentration  of  the  liquors,  the 
boiling  takes  place  twice  or  three  times  before  all  the  copper  is 
thrown  down ;  the  process  lasts  from  one  to  three  days,  and  re- 
quires as  much  iron  as  the  weight  of  copper  produced,  which  proves 
that  a  large  portion  of  the  latter  must  have  been  in  solution  as 
CugCIg.     Odcc  a  month  the  precipitated  copper  is  removed  firom 
the  tanks  and  washed. 
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After  precipitation^  at  some  works  the  liquor  is  passed  through 
a  hair  sieve  in  order  to  separate  the  copper  present  in  a  fine  state 
of  division ;  the  copper  is  washed  off  the  residual  iron  by  a  jet  of 
water,  or  a  besom,  &c.,  and  left  to  settle  in  special  tanks.  At 
other  works  a  less  rough  arrangement  is  in  use,  riz.  round  tubs 
with  wooden  agitators,  an  annular  place  being  fenced  o£P  in  their 
upper  part  for  the  scrap  iron.  The  agitation  of  the  liquid  causes 
each  part  of  it  to  come  into  contact  with  the  scrap  iron  much  more 
quickly,  so  that  the  liquids  are  much  sooner  freed  firom  copper  than 
in  the  process  first  described ;  besides,  the  precipitated  copper  is 
at  once  washed  off  the  iron  and  carried  along  with  the  exhausted 
liquor  into  settlers,  and  the  process  in  the  precipitating-tubs  started 
again  at  once,  after  adding  a  little  more  iron. 

A  continuously  acting  apparatus  for  the  precipitation  of  copper 
has  been  constructed  by  Hauch  (Dingler's  Journal,  ccxxiii.  p.  286). 
It  consists  of  a  cask  revolving  round  a  horizontal  axis,  provided 
with  ledges  inside  and  filled  with  iron  borings ;  copper-Uquor  is 
let  in,  and  is  speedily  exhausted  by  the  rotation  of  the  cask,  the 
copper  being  at  the  same  time  washed  off  the  iron.  By  combining 
several  casks  and  systematically  allowing  the  liquor  to  run  into  that 
cask  which  has  been  working  the  longest  time,  it  is  possible  to 
obtain  a  continuous  supply  of  fresh  copper-liquor  and  a  continuous 
running-off  of  exhausted  liquor  holding  the  copper  in  suspension* 
Another  continuous  copper-precipitating  apparatus  has  been  de- 
scribed by  Kerpely  (Wagner's  Jahresb.  1877,  p.  166). 

The  precipitation  takes  place  most  quickly  by  employing  ^^  spongy 
iron/'  as  is  done  at  the  Bede  metal-works.  This  product  is  made 
by  reducing  ferric  oxide  at  so  low  a  temperature  that  the  iron  can- 
not combine  with  carbon  and  cannot  melt,  but  remains  in  the  finely 
divided  state,  as  a  ''  sponge.^'  This  method  (which  may  probably 
play  an  important  part  in  the  metallui^  of  iron  and  steel,  if  C.  W. 
Siemens's  or  Du  Puy's  experiments  lead  to  a  successful  issue)  was 
tried  in  England  for  the  first  time  in  1837.  Bronac  and  Deherrypon 
used  it  in  1859  for  the  precipitation  of  copper,  but  only  in  the  dry  way ; 
but  Gossage  in  the  same  year  introduced  the  spongy  iron  in  the 
wet  method  of  copper-extraction.  Further  patents  upon  this  mat- 
ter were  taken  out  by  Aas  in  1861  and  by  Bischof  in  1862. 

Several  furnaces  have  been  proposed  for  this  purpose;  but  only  one 
of  them  is  in  use.  This  is  a  reverberatory  fiimace  in  which  the  flame^ 
after  having  passed  directly  over  the  charge,  returns  below  the 
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furnace-bed,  and  thus  heats  the  charge  indirectly  from  below. 
Figs.  303  to  305  show  all  the  essential  details  of  the  furnace.     It 


is,  in  the  drawing,  38  feet  9  inches  long ;  the  working-bed  has  a 
length  of  22  or  23  feet  and  a  width  of  8  feet.  Dwarf  walls,  a  a, 
9  inches  high,  divide  it  into  three  compartments,  which  on  one  side 
have  two  working- doors,  6  b,  each.  Each  compartment  is  charged 
and  finished  by  itself.  The  working-doors  are  of  cast  metal,  and 
run  air-tight  in  frames ;  the  same  is  the  case  with  the  fire-door. 
The  fire-place  is  constructed  for  generating  a  reducing  flame ;  the 
grate  has  a  surface  of  4>x  3  feet ;  and  the  bearers,  d,  are  3  feet, 
latterly  eveu  4  feet  8  inches  below  the  fire-bridge;  so  that  a  very 
deep  layer  of  fuel  is  obtained,  which  docs  not  allow  any  oxygen  to 
get  inside  the  furnace.  The  furnace-bed  is  formed  by  fire-tiles 
4  inches  thick,  with  rabbeted  edges,  partly  resting  upon  the  walla 
forming  the  divisions  of  the  lower  flues,  partly  upon  railway-bars. 
The  flame  having  travelled  through  these  flues,  descends  in  a  vertical 
shaft  along  the  fire-bridge,  and  thence  goes  to  the  chimney.  In 
this  descending  shafl  there  is  a  fireclay  damper,  which  is  closed 
every  time  before  a  working-door  or  fire-door  is  opened.  The 
9-ineh  furnace-roof  is  surmounted  by  a  flat  cast-iron  dish,  e,  sup- 
ported by  short  pillars,  for  drying  the  ore  and  mixing  it  with  coal  ■ 
the  mixture  is  charged  into  the  furnace  through  the  6-inch  pipes/ 
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carried  through  the  arch.  The  whole  furnace  rests  on  brick  pillMi, 
g ;  and  the  floor  on  the  working  lide  most  be  so  much  higlier  tba 
that  on  the  diacbarging  side,  that  the  discharging-boxes  can  be  m 
underneath  the  furnace  between  the  brick  pillars.  The  diachargiif 
takes  place  througli  6-iiich  pipes.  A,  descending  in  front  of  Ae 
working-doorit  through  the  funwce-bottom  and  the  low^-  flue 
The  discharging- boxes  (figs.  306  b  307)  are  made  of  sheet  iron, 


Fig.  aoe. 


Fig.  307. 


a^; 


of  rectangular  section,  tapering  towards  the  top.  The  cover,  a,  it 
fast,  and  has  in  its  centre  a  6-inch  opening  with  upright  flange,  b, 
by  which  the  box  is  connected  with  the  discharging-tube.  The 
bottom  of  the  box  is  movable,  and  turns  on  one  side  on  hinges, 
whilst  the  other  side  is  fastened  by  bolts  and  cotters.  The  open- 
ing  in  the  cover  is  easily  closed  by  a  metal  plate.  The  vhole  is 
mounted  on  four  wheels  in  such  a  way  that  they  do  not  interfere 
with  the  movement  of  the  bottom.  Each  box  has  a  capacity  of  12 
cnbie  feet. 

■When  the  furnace  is  at  a  bright-red  heat,  it  can  be  charged. 
Each  compartment  receives  a  charge  of  20  cwt,  dry  "  purple  ore  " 
and  G  cwt.  coals,  which  have  passed  through  a  sieve  with  eight 
holes  to  the  linear  inch.  As  mentioned,  the  charging  takes  place 
from  the  cast-iron  dish  above  the  fiimace-roof.  The  fire-  and 
working-doors  arc  closed,  so  that  the  air  enters  solely  through  the 
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coals  on  the  grate^  care  being  taken  that  the  burning  mass  does 
not  become  hollow^  lest  uncombined  oxygen  should  get  inside  the 
furnace.  The  time  of  reduction  in  the  compartment  nearest  the 
fire-bridge  varies  from  9  to  12  hours ;  in  the  second  it  is  about 
18  hours,  in  the  third  about  24  hours.  The  depth  of  the  charge 
lying  on  the  bed  is  about  6  inches.  During  the  time  of  reduction 
each  compartment  must  be  turned  over  twice,  or  even  three  times. 
Although  during  this  time  the  damper  is  closed,  a  little  air  always 
enters  the  furnace ;  but  the  turning-over  is  indispensable,  as  the 
mass  would  otherwise  cake  together.  The  time  above  stated  refers 
to  a  bright  red  heat ;  a  low  red  heat  is  sufficient  for  reduction ;  and 
the  iron  thus  made  is  even  better  for  the  precipitation  of  copper ; 
but  as  in  this  case  much  more  time  is  required  for  reduction  (up 
to  60  hours),  this  style  of  working  doos  not  pay.  The  fireplace 
being  so  deep,  fresh  coal  need  only  be  thrown  in  twice  or  three 
times  every  twelve  hours,  say  15  cwt.  for  a  ton  of  ore. 

The  completion  of  the  reduction  is  ascertained  by  testing.  A 
small  sample  is  taken  out,  put  on  an  iron  plate,  covered  with  a 
brick  till  it  has  become  cold,  and  1  gram  of  the  (unoxidized)  central 
part  tested  by  a  cupric  sulphate  solution  of  known  strength, 
which  is  run  from  a  burette  onto  the  spongy  iron  with  frequent 
stirring ;  from  time  to  time  a  drop  is  put  on  a  bright  blade  of  iron, 
to  see  whether  any  stain  of  copper  is  produced  upon  it.  When 
the  reaction  in  any  of  the  three  compartments  is  finished,  the 
damper  is  closed ;  two  of  the  discharging-boxes  are  run  underneath 
the  furnace,  and  their  mouths  connected  with  the  discharging-pipes 
by  an  iron  hoop  luted  with  clay ;  then  the  charge  is  raked  down 
into  the  boxes  as  quickly  as  possible.  The  boxes  are  then  closed 
with  the  loose  cover,  run  out  again,  and  allowed  to  cool  for  forty- 
eight  hours.  They  are  then  lifted  by  a  crane,  and  the  cotters  are 
knocked  out ;  whereupon  the  bottom  turns  upon  its  hinges  and  the 
whole  mass  of  spongy  iron  readily  falls  out,  owing  to  the  box 
tapering  upwards.  The  sponge  is  then  finely  ground  by  a  heavy 
edge-runner  6  feet  in  diameter,  and  passed  through  a  sieve  with  fifty 
holes  per  linear  inch;  it  is  now  ready  for  the  precipitation  of 
copper. 

Two  different  materials  have  been  proposed  for  preparing  spongy 
iron,  viz.  pyrites-cinders  direct  from  the  chemical  works,  and  the 
'^ purple  ore'*  of  the  copper- works  themselves.     The  following 
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BiTeft  m  ckar  s^ 

a  o£  the 

nistHf^tnOt  M!tV^a  tL^ID  : — 

"^Z*!^ 

V*rrrx:  ox'Af:     .      ,      .     .      7%  15 

»  lO 

Iff^  .... 

.       3  7*5 

04»p«    .... 

1S5 

€rl8 

hnlphar.     .     .     . 

3^V2 

O^j^ 

('n^rif:  oxide    .     . 

.       270 

Zifir;  ox'uif:   .      . 

r>47 

I>:a/1  oxirif:  .      .      . 

i>^ 

o-s« 

CaUrinm  oxide . 

0-28 

O-30 

Hfjtd'iutn  oxide  .     . 

0-13 

Srjlphur  trioxirle  . 

580 

0-78 

Arumk'  ^:uwx'ide 

a25 

.SilK;e/iUA  residue  . 

»     < 

1-85 

2-13 

91>-27 


IV/tb  Binrrlir/f  and  OcMsage  propcNied  the  direct  use  of  burnt  ore 
fr/r  pr^rpurin^  Mpon^'  irrjn,  from  the  apparent  adTantjige  of  utili- 
zing iU  crjp|i€;r  without  the  trrjuble  of  wet  extraction.      Unlbrtn- 
nat^rly^  however,  the  anienic  contained  in  the  burnt  ore  remains 
in  the  Mp^^ngy  iron,  gets  into  the   copper,  and   greatlT   injures 
its  quality.      G.  Bischof,  to   be  sure,    in   his  patent    of    1862, 
asserts  that  arsenic  and  lead  volatilize;    Gibb,  howerer^  admits 
this  to  l>c  the  case  only  for  the  lead  to  a  great  extent,   whilst 
arsenic,  lieing  present  mostly  as  arseniates  of  iron  and  copper, 
mnm  forms  stable  arscninrets.      In  fact  the  spongy  iron    niade 
direct  from  pyrites-cinders  contains   nearly  as  much   arsenic  as 
was  originally  present  in  the  cinders.     On  the  other  hand,  the 
purple  ore  only  retains  faint  traces  of  arsenic ;  it  is  therefore  ex- 
clusively used  for  spongy  iron  now.     The  following  is  an  analysis 
of  the  spongy  iron  made  in  the  above  way : — 

Ferric  oxide 8'15  percent. 

F<;rrous  oxide     ....  2*40 

Metallic  iron      ....  70*40 

Copper 0-24 

Lead 0-27 

Carbon 7G0 
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Sulphur 1-07  per  cent. 

Alumina 0*19         „ 

Zinc 0-30         „ 

Siliceous  residue      .     .     .  9*00        „ 
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When  spongy  iron  is  employed  for  the  precipitation  of  copper, 
continuous  stirring  is  required,  for  which  at  some  works  mechanical 
agitators  are  used^  at  others  manual  labour ;  at  the  Bede  metal- 
works  an  india-rubber  hose,  through  which  a  blast  of  air  passes,  is 
moved  about  in  the  tank.  A  Korting's  blower  would,  no  doubt, 
be  the  best  apparatus  for  this  purpose.  Perfect  mixture  is  thus 
obtained ;  and  the  precipitated  copper  only  contains  1  per  cent, 
metallic  iron,  with  a  great  saving  of  space,  apparatus,  and  labour, 
as  against  the  work  with  scrap-iron.  However,  the  greater  cheap- 
ness of  material  and  treatment  in  employing  spongy  iron  is  bought 
at  the  expense  of  a  greater  contamination  of  the  copper  by  un- 
reduced iron  oxides  and  carbon ;  at  the  majority  of  works,  there- 
fore, scrap-iron  is  still  preferred.  This,  of  course,  depends  also  on 
the  local  price  of  the  latter. 

According  to  Bischof,  with  spongy  iron  the  arsenic  is  only  pre- 
cipitated after  a  few  hours,  long  after  the  copper  has  been  preci- 
pitated, which  thus  remains  free  from  arsenic.  Gibb,  however, 
from  many  years'  experience  on  the  large  scale,  states  that  he 
never  found  any  trace  of  arsenic  in  solution  after  the  copper  had 
been  precipitated,  whichever  form  of  iron  or  solution  of  copper 
might  be  employed. 

The  composition  of  the  copper  precipitated  by  the  various  methods 
is  shown  by  the  following  analyses  (by  Gibb)  : — 


Precipitated  by 

Spong>'  Iron. 

Heavy  Scrap. 

Light  Scrap. 

CoDDer  

per  cent 
67-50 
•137 
•Oil 
1-30 
515 
510 
320 

per  cent 
72-50 
•306 
•046 
2-60 
4-41 

per  cent. 
67-50 
-100 
•066 
1-74 
756 

Arsenio 

Silver 

Lead 

Ferric  oxide 

Carbon  

SiUca 
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At  Oker  the  composition  of  the  copper  precipitated  by  acn^iroB 
and  dried  at  100°  C.  was  : — 

Cu 77-45  per  cent. 

Pb 0-63 

Ag 010 

Bi 0006 

As 004  „ 

Sb 015 

FeaOg 6-72  „ 

AI2O3 0-99  „ 

Zn 102 

Mn 002 

Co  +  Ni 003         „ 

CaO 010         „ 

MgO  + Alkalies      ....  2*71         „ 

SO3 4-58         ,, 

CI M9         „ 


Insoluble  in  acids  ....    0*61 
Oxygen  +  moisture  (by  loss)      8*654 


99 


100-000 


This  product  is  either  sent  to  copper-smelting  works  or  smelted 
at  the  wet-extraction  works  themselves.     The  copper  precipitated 
from  the  aqueous  solutions^  if  kept  separate  from  that  firom  the 
acid  solutions^  can  always  be  smelted  directly  for  blister  copper  by 
adding  to  it  lime  and  slags ;  the  copper  from  the  acid  solutions  is 
frequently  so  impure  that  it  has  to  be  mixed  with  raw  ore,  or  else 
with  soda- waste  and  slags,  and  smelted  for  ''  coarse  metal,''  whidi 
yields  blister  copper  only  after  a  second  roasting.    Finally  the  usual 
refining  takes  place.     At  other  works  both  precipitates  are  melted 
together,  being  charged  at  once  into  the  furnace  in  the  moist  state. 
The  slags  produced  in  this  operation,  containing  from  3  to  10  per 
cent,  of  copper,  are  utilized  by  smelting  them  for  coarse  metal  (in 
a  round  blast-furnace,  3  feet  wide,  with  four  tuyeres),  with  the 
addition  of  soda- waste  (calcium  sulphide  and  carbonate).      Hie 
mass  collects  in  a  well,  where  the  coarse  metal  separates  firom  the 
slag,  and  the  slag  (a  "  singulosilicate  ^')  continually  runs  off  into  a 
bogie.  In  order  that  such  furnaces  may  be  quickly  taken  down  when 


BT-PBODUCTS  OF  MANUFACTURE. 


623 


the  separated  iron  renders  the  smelting  difficult  or  impossible^  the 
upper  furnace-shaft^  together  with  its  jacket^  is  supported  on  iron 
pillars^  so  that  the  proper  smelting- shaft  up  to  a  height  of  5  or  6 
feet  stands  quite  free  within  the  pillars.  The  coarse  metal  here 
obtained  contains  about  30  per  cent,  of  copper^  and  is  worked  up 
in  the  usual  way  by  calcining^  smelting,  and  roasting. 

The  furnaces  for  smelting  the  copper  precipitate  used  at  English 
wet-extraction  works  are  reverberatory  furnaces  of  the  well-known 
Swansea  type.  After  smelting,  the  slag  is  skimmed  off,  and  the 
copper  tapped  as  blister.  When  spongy  iron  has  been  used,  the 
excess  of  carbon  prevents  the  copper  from  being  melted  directly  to 
blister;  therefore  about  one  half  of  the  precipitate  is  calcined  in 
large  calciners  similar  to  those  for  calcining  burnt  ores  with  salt. 
Here  the  carbon  is  burnt  off,  and  the  copper  partly  oxidized ;  the 
calcined  precipitate  is  mixed  with  raw  precipitate  and  smelted,  as 
above,  for  blister.  The  blister  copper  is  refined  by  roasting  to  oxi- 
dize the  iron,  sulphur,  &c.,  followed  by  reducing  by  charcoal  the 
oxide  of  copper  produced  in  the  roasting,  and  poling  according  to 
the  method  usually  employed  by  the  copper-smelter. 

The  copper  produced  is  pure  and  tough.  It  takes  a  good  place 
as  a  marketable  article ;  and  its  composition  in  comparison,  with 
that  of  English  copper  made  by  the  ordinary  method  of  smelting 
may  be  judged  from  the  following  analyses  : — 


Copper  from  Wet 
Process. 

"English"  Copper, 
Field's  Analyses. 

Silver  

percent,   percent. 
•022          -016 

•080           170 

none.        trace. 

•006          -019 

none.         "002 

B.S.        Tough, 
per  cent*,    per  cent 
•035           0*7 

•105          -090 

•010         trace. 

•035           130 

none.           — 

Af«f»liic     -T T 

AnfiTnopv    t tt 

Bismuth 

Lead    

The  complete  removal  of  the  arsenic  is  said  to  be  effected^ 
according  to  a  patent  of  Bischof's  (in  1862),  by  precipitation  with 
spongy  iron — according  to  a  patent  of  Down^s  (1870),  by  almost 
completely  neutralizing  the  copper-liquors  with  lime,  followed  by 
precipitation  with  scrap  iron ;  the  foreign  metals  are  said  to  remain 


%Va^^^  *ii/i  *y.vor*  rr-%T  V:  ek^i-T  r:>0T*d  aV.fiT.      Ai  Oker,  HA 

71*^  t//p  ^ri"!  i*  occ'jplfrrf  ^v  the  cLargTLZ-kjft.  to  vhich  the  bunt 
Of^  w«d  tK':  *alt  ar*r  fifO'-^ht  br  l>.-j?ie* :  attadbed  to  it  uv  two 
ed^e^njiiri/fm,  earrh  of  which  ^^ikU  AuIt  13  tons  of  ore  and 
2|  t/>fa  of  1(^1 1  down  t/j  a  ftiz^  of  2  miLinu.  The  mixture  is  tikca 
hy  \pr,^:H  V}  thfc  furnace**,  situated  at  a  little  lower  lerel :  the  for- 
fja/^r^  an;  h^rat/r^l  by  ^a.^-priducei>,  >i:uat€:d  lover  dovo  agais. 
lU'low  iUf:  furija/.-'A  there  follow,  at  three  desceudin^  lerels,  the 
lixiviatiri{^  tank^,  the  precipitation-tauks,  and  cisterns  lor  tbe 
''  fiual  liquor/^  fr^/m  which  it  is  pumped  up  again  by  iDJecton  and 
iiv^rl  for  iixiviatiji^f  fn>h  ore**. 

IJtilizat'wn  of  ihn  nodium  sulphate  contained  im  the  moiker-Hqman 
from  the  precipitation  of  copper. — We  have  mentioned  abore  the 
pfftCiinn  of  Oibh  arifl  OelHtharpe  ^p.  OlS.,  which  has  been  g;iTen  np 
af^ain.  At  premrnt  the  acid  mother-liquors  are  everywhere  let  run 
itiU}  the  riverN,  and  the  K^^xlium  sulphate  contained  in  them  is  lost. 
At  a  larfna  eop[Mrr-workH  for  a  time  a  process  was  employed  bj 
which  ferric  oxide  u an  hiiiiultaneouj«ly  obtained  of  great  parity  and 
ttnumtHH,  HO  that  it  could  be  8old  on  the  large  scale  for  red  paint 
The  a^rid  liquorn  were  boiled  down  to  drj'ness  in  a  brick  fuiriace; 
the  rcHiduul  niaNH  of  Hcxliiim  Nuljdiate  and  chloride  and  iron  salts  was 
if(nit4!<l,  and  ground  very  fine  under  edge-rollers;  it  was  then  care- 
fully calcined  in  an  ordinary  calciner  until  all  the  iron  salts  were 
{MToxidissed.  The  niaHH  was  treated  with  hot  water  and  allowed  to 
Nettle;  the  ferric  oxide  deponited  only  required  washing  in  order  to 
lN!(!ome  mark(;table  as  Venetian  red.  The  solution  (containing 
chiefly  Na^jSO^  and  NaC'l)  was  concentrated  in  pans  by  means  of 
fiteam  circulating  in  a  worm,  an  agitator  preventing  the  salt  from 
adhering  in  crunts  to  the  bottom  and  sides  of  the  pan  and  to  the 
worm.  At  a  concentration  of  1*37  to  1*40  sp.  grav.  nearly  all  the 
Nulplmte  waH  found  to  be  separated;  the  liquor  with  the  suspended 
salt  wfu»  drained  off  the  precipitate^  which  was  washed  with  a  little 


a 


BY-PRODUCTS  OF  MANOFACTURE.  625 

hot  water  and  dried  in  a  furnace.  It  contained  only  about  ^  per 
cent,  of  NaCl,  and  not  a  trace  of  iron ;  so  that  it  was  very  well 
adapted  for  glass-making.  The  high  price  of  coals  caused  this 
process  to  be  given  up  at  the  time ;  and  it  does  not  seem  to  have 
been  taken  up  again.  Probably  the  first  step,  viz.  the  evaporation 
of  the  acid  liquors  in  a  brick  furnace,  would  present  the  same  dif- 
ficulties as  in  GibVs  process. 

treatment  for  obtaining  the  Silver, — According  to  Phillips,  the 
cupreous  pyrites-cinders  contain  on  the  average  00027  per  cent. 
Ag  and  0*0001  per  cent.  Au.  These  metals  on  calcining  with  salt 
are  converted  into  chlorides ;  and,  owing  to  the  solubility  of  AgCl 
in  NaCl,  the  silver  is  found  mostly,  the  gold  at  least  partly,  in  the 
liquors  obtained  by  lixiviating  the  calcined  ore.  In  order  to  further 
this,  Phillips  adds  some  more  common  salt  in  the  lixiviating  tanks. 
These  metals  are  only  recovered  in  a  few  works,  either  by  the  pro- 
cess of  Claudet  (1871)  or  that  of  Gibb  (1873).  The  former,  which 
is  carried  out  at  Widnes  and  elsewhere,  consists  in  precipitating  by 
a  soluble  iodide  the  silver  from  the  liquors  in  the  state  of  Agl,  * 
which  is  quite  insoluble  in  solutions  of  chlorides.  Only  the  first 
three  liquors  (which  contain  95  per  cent,  of  all  the  silver)  are  em- 
ployed; the  diluted  state  of  the  other  liquors  would  make  the 
recovery  of  the  silver  from  them  unprofitable.  The  liquors,  before 
they  undergo  precipitation  with  iron,  are  completely  settled,  run 
into  a  gauged  tank,  and  their  contents  of  silver  accurately  esti- 
mated by  adding  to  a  certain  volume  muriatic  acid  and  a  solution 
of  lead  acetate,  and  afterwards  potassium  iodide.  The  precipitate 
is  collected  on  a  filter,  washed,  dried,  and  fused  with  a  flux  of  soda, 
borax,  and  the  finest  carbon.  The  lead  regulus  obtained  is  cupel- 
lated  ;  and  from  the  weight  of  the  silver  thus  obtained,  that  con- 
tained in  the  liquors  is  computed.  To  the  liquor  a  solution  of 
potassium  or  zinc  iodide  of  known  strength  is  now  added  in  suffi- 
cient quantity  to  precipitate  all  the  silver ;  the  iodide  solution  is 
diluted  to  such  an  extent  that  it  amounts  to  about  ^  the  volume 
of  the  liquid ;  the  precipitate  is  allowed  to  settle ;  the  clear  liquor  is 
tested  in  the  laboratory  to  see  if  all  the  silver  is  thrown  down ;  and 
if  so,  it  is  run  into  the  tanks  for  precipitating  the  copper,  where  it 
is  treated  in  the  usual  way.  The  quantity  of  iodide  employed  for 
the  precipitation  is  much  larger  than  that  corresponding  to  the 
silver  present,  since  a  portion  of  the  lead  is  thrown  down  as  Pblg. 
Probably  the  silver  is  precipitated  before  the  lead ;  but  as  it  is  not 
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possible  to  bring  all  the  silver  contained  in  the  liquor  into  contact 
with  the  iodide  before  the  latter  has  also  come  into  contact  widi 
molecules  of  lead^  the  precipitate  always  contains  a  good  deal  d 
lead ;  so  that  necessarily  a  corresponding  excess  of  the  precipitant 
is  required. 

The  precipitate,  consisting  mainly  of  Agl,  Pbl^,  and  PbSOi 
(which  falls  down  on  the  liquor  cooling),  is  well  washed  with  water; 
and  if  a  sufficient  quantity  of  it  has  been  collected,  it  is  treated  in 
the  moist  state  and  hot  with  metallic  zinc  and  a  little  muriatic  acid. 
Thus  the  Agl  and  Pbl^  are  decomposed  completely,  the  PbSOi 
partly,  and  a  liquor  containing  zinc  iodide  is  obtained,  which  is  em- 
ployed over  again  for  precipitating  argentiferous  liquors  in  propor- 
tion to  its  percentage  of  iodine.  On  the  other  hand,  a  metallic 
sponge,  mixed  with  pieces  of  zinc,  is  obtained  having^  the  fid- 
lowing  com|)osition : — 

Ag    5-95 

Au    006 

Pb    62-28 

Cu    0-60 

ZuO 15-46 

FcjOg   1-50 

CaO 1-10 

SO3 7-68 

Insoluble  residue    1*75 

Oxygen  and  loss 3*62 


100-00 


This  is  sent  to  the  silver-works.  Usually  the  argentiferous  copper- 
liquor  is  first  mixed  with  the  solution  of  Znl,  obtained  in  reducing 
the  Agl  &c.,  and  the  last  portion  of  the  silver  precipitated  by  KI. 
A  certain  loss  of  the  latter  is  unavoidable,  whatever  care  be  taken. 
In  this  way  Phillips  obtains  about  two  thirds  of  the  total  silver 
contained  in  the  burnt  ore,  and  about  a  similar  proportion  of  the 
gold ;  several  others  have  not  been  content  with  this,  and  have 
given  up  the  process,  probably  because  sometimes  on  calcining  with 
salt  too  much  Cu^Cl^  is  formed  (its  quantity  varies  from  0  upon 
6-70  CuClj  to  0-62  CugCl,  upon  3-75  CuClg),  and  in  its  presence 
the  silver  seems  to  be  incompletely  precipitated  by  iodides.     At 
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Phillips's  works  special  care  is  taken  to  avoid  the  formation  of 
cupreous  chloride;  and^  perhaps  just  from  this  cause^  Claudet's 
process  has  been  more  successful  there  than  elsewhere. 

An  important  improvement  on  Claudet's  process^  if  it  should  turn 
out  a  success,  would  be  the  process  of  E.  L.  Mayer,  patented  in 
1877.  The  copper-liquor  is  to  be  precipitated  with  a  solution  of 
glue  and  KT ;  the  solution  may  contain  very  much  copper  and  only 
a  few  thousandths  per  cent,  of  Ag.  After  the  precipitate  has 
settled  down,  a  solution  of  tannin  is  added  and  a  little  more  preci- 
pitate obtained.  The  precipitates  are  washed  with  similar  dilute 
acid  as  serves  for  dissolving  the  copper- ores  in  order  to  remove  the 
copper  they  may  contain.  The  acid  is  neutralized  with  lime,  and 
treated  with  alkaline  sulphides  in  a  revolving  drum  till  all  iodine 
is  removed ;  the  solution  containing  iodides  can  be  used  for  again 
precipitating  silver.  The  remaining  sulphides  of  lead,  silver,  &c. 
are  to  be  worked  for  silver.  The  addition  of  glue  and  afterwards 
of  tannin  has  for  its  object  to  conglomerate  the  extremely  finely 
divided  Agl  (of  which  otherwise  a  portion  would  escape  collection) 
into  a  larger  mass. 

GibVs  process  is  based  on  the  observation,  made  by  him,  that  if 
a  copper  solution  containing  very  little  silver  is  treated  with  sul- 
phuretted hydrogen,  by  far  the  largest  portion  of  the  silver  is  thrown 
down  as  Ag^S  with  the  first  portions  of  CuS.  The  HjS  is  made  from 
the  tank-waste  of  alkali-works  by  treatment  with  dilute  hydrochloric 
acid  in  wooden  vessels;  the  hydrochloric  acid  enters  the  vessel  under- 
neath a  false  bottom  made  of  boards  covered  with  furnace-slags,  and 
runs  out  near  the  top  completely  saturated.  The  vessels  need  not  be 
air-tight,  as  the  gas  is  aspirated  from  them  by  an  air-pump,  the  deli- 
very-pipe of  which  is  provided  with  branches  for  every  one  of  the  pre- 
cipitating-tanks ;  an  india-rubber  hose  conveys  the  gas  into  these, 
and,  when  moved  about  in  the  liquid,  sufficiently  agitates  it  by  the 
escaping  gas.  The  process  is  continued  when  as  nearly  as  possible 
6  per  cent,  of  the  copper  has  been  precipitated,  which  generally 
takes  20  minutes.  The  bulk  of  the  copper,  which  otherwise  shows 
on  the  average  18  ounces  of  silver  per  ton,  shows  after  this  treat- 
ment only  2  to  4  ounces.  The  6-per-cent.  CuS  precipitated  at  firsts 
however,  contains  200  ounces  silver  per  ton.  The  dilution  of  the 
gas  by  air  seems  to  be  favourable  to  the  process.  The  precipitate 
is  allowed  to  separate  into  clear  liquor  and  denser  mud ;  it  is  washed 
several  times  by  decantation,  and  then  pressed  in  a  Needham'a 
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filter-press.  The  damp  sulphides  are  calcined  in  an  ordinarr  cal- 
ciner;  the  product  coutains  one  fourth  of  the  copper  as  sulphate, 
the  remainder  as  os.ide  or  oxychloride,  and  the  silfer  altogether  ai 
chloride.  It  is  roughly  frround,  washed  with  water^  and  the  solatioa 
of  CuSO^,  which  only  contains  1  ounce  of  silrer  to  the  ton  of  copper, 
precipitated  as  usual.  The  residue,  mostly  CuO,  is  STstematiciillf 
extracted  by  hot  concentrated  solution  of  common  salt,  which 
dissolves  nearly  all  the  silver,  leaving  onlv  3  to  4  ounces  of  silver 
per  ton  of  copper  in  the  residue.  The  solution  containing  the 
silver  is  precipitatcil  by  milk  of  lime,  the  precipitate  washed  with 
water  to  remove  the  CaCl^,  then  with  dilute  sulphuric  acid  to  dis- 
solve the  cop^x^r,  then  asraiu  with  water,  and  leaves  at  last  a  residue 
containing  l>  per  cent,  of  silver  as  AgCU  worth  £700  per  ton.  It 
contains  besides  principally  the  sulphates  of  calcium  and*  lead. 
This  treatment  is  said  to  cost  9^.  per  ton  of  burnt  ore,  and  to  yield 
about  i  ounce  of  silver,  of  the  value  of  2*.  6d. ;  but,  in  this  sbape^ 
it  appears  to  have  been  given  up  again. 

Chadwick  and  Jardine,  in  1875,  patented  a  new  desilverizing 
process,  which  is  said  to  be  in  use  at  Henderson's  works  at  Irvine. 
The  copper-liquors  are  diluted  to  20"  or  25'  Tw.,  and  a  rerv  weak 
solution  of  lead  acetate  added,  which  is  equivalent  to  the  whole  of 
the  Ag,  As,  Sb,  and  Bi,  less  any  Pb  already  contained  in  the  pyrites. 
Usually  about  230  grams  of  brown  sugar  of  lead  per  ton  is  used. 
On  agitating,  a  light-yellow  precipitate  is  obtained,  consisting  of 
53  per  cent,  lead  sulphate,  5-6  per  cent,  silver  sulphate,  and 
3  ounces  of  gold  per  ton  of  precipitate  (say,  0*01  per  cent.).  AAer 
thorough  washing,  the  gold  and  silver  can  be  obtained  by  smelting 
and  refining  in  the  usual  way.  The  copper  is  said  to  be  thus  ob- 
tained free  from  As,  Sb,  and  Bi. 

According  to  a  patent  of  Snelus  (1875),  finely  divided  iron  dust 
is  to  be  injected  by  a  blower  into  the  copper-liquors,  just  sufficient 
to  precipitate  19  per  cent,  of  all  the  copper ;  this  is  said  to  carry 
down  80  per  cent,  of  all  the  silver  contained  in  the  solution. 

A  new  patent  by  Phillips  (No.  3923,  Oct.  10th,  1877)  prescribes 
mixing  the  copper  precipitate  with  common  salt  and  soda,  moist- 
ening with  urater,  and  grinding  in  a  pug-mill  to  a  paste.  The  mass 
is  dried  and  calcined  in  a  reverberatory  furnace,  constantly  stirring, 
tiU  all  the  copper  has  been  converted  into  CuO  and  aU  the  silver 
into  AgCl.  The  alkali  added  decomposes  any  volatile  copper  salt 
present,  and  almost  entirely  prevents  any  volatilisation  of  silver 
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during  the  calcining  process.  The  AgCl  is  extracted  from  the 
calcined  mass  by  treatment  with  a  hot  solution  of  common  salt. 
(This  is  essentially  like  Augustin's  process  of  1840,  applied  to  the 
extraction  of  silver  from  ordinary  ores.) 

According  to  Hunt^s  ^  Mineral  Statistics '  for  1874,  p.  65,  there 
existed  in  Great  Britain  in  that  year  22  copper-works  for  wet- 
extraction,  which  together  consumed  329,000  tons  of  burnt  ores 
(say,  equal  to  450,000  tons  of  pyrites) .  Two  of  them  made  blue 
copperas ;  three  went  as  far  as  refined  copper ;  the  others  sold 
their  precipitate  to  copper-smelting  works.  The  total  production 
of  copper  from  this  source  in  1874  amounted  to  9000  tons. 

Another  process  of  extracting  copper  from  pyrites-cinders  has 
been  described  by  Jetzlcr  ('  Dingler's  Journal,'  ccxvii.  p.  478),  He 
worked  pyrites  from  Borsa-Banya,  in  Hungary,  containing  only 
I'Ol  Cu.  The  burnt  ore  decays  easily  on  lying  in  the  air ;  and  after 
sifting  off  the  not  decayed  core  through  a  sieve  with  10  meshes  to 
1  centim.  square,  the  copper  can  be  extracted  by  hot  weak  muriatic 
acid  of  3°-4°  Tw. ;  probably  FcjClg  acts  here,  chlorinating  the  lower 
sulphides  of  copper,  and  being  reduced  to  FeClg.  On  washing, 
solutions  of  24°  Tw.  are  obtained,  which,  besides  copper,  contain 
Ag,  Pb,  Alg  (804)3,  ^^'  The  metals  were  precipitated  by  scrap 
iron ;  and  the  precipitate  was  sold  to  a  smelting-works  according 
to  its  value  of  Cu  and  Ag.  The  process  did  not  pay  very  well,  as 
the  residue  could  not  be  used  as  an  iron-ore. 

Another  process  has  been  patented  (in  1873)  to  Baron  Leithner 
in  Austria  {'  Dingler's  Journal,'  ccxi.  p.  349).  The  burnt  ore  (in 
this  case  containing  about  1  per  cent,  of  copper)  is  to  be  smelted 
with  36  per  cent,  calcium  hydrate  in  a  kiln  heated  by  the  waste 
gas  of  a  blast-furnace  ;  the  product  is  to  be  smelted  for  pig-iron, 
which  now  contains  2*09  per  cent.  Cu;  and  this  is  to  be  used 
for  precipitating  copper;  so  that  its  own  copper  is  utilized  as 
well. 

Some  new  patents  of  Mason's  (Nos.  2984,  2992,  and  2993, 
1877)  seem  to  contain  nothing  of  any  importance  that  is  new. 

The  whole  of  the  processes  connected  with  the  wet  extraction  of 
copper,  as  far  as  published  up  to  the  end  of  1878,  and  including 
many  proposals  or  actually  employed  processes  not  mentioned  here 
(because  they  do  not  refer  specially  to  the  treatment  of  pyrites- 
cinders  from  sulphuric-acid  works),  are  described  in  a  condensed 
form  by  Bode  (Dingler's  Journal,  ccxxxi.  pp.  254,  857,  428). 
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CHAPTER  XVII. 

THE  MANUFACTrilE  OF  XORDHAUSEN  OR  FUMIXG  OIL  OF 
VITKIOI^  AND  OF  SULTHURIC  ANHYDRIDE. 

Already  in  the  first  Chapter  tlie  fuming  oil  of  ^dtriol  has  heeaa. 
described^  aiid  has  been  eharaeterized  as  a  mixture  of  sulphuric 

SO^-OH 
hydrate  and  pvrosulphuric  acid,        ^  O    ,  a  compound  which  lat- 

SO^-OH 
terlv  has  eome  into  tlie  market  as  "  solid  oil  of  Titriol/* 

Ah  hough  in  all  prolmbility  the  fuming  oil  of  vitriol  is  preciselj 
that  kind  of  sulphuric  acid  which  was  obtained  first  of  all,  and 
although  a  generation  ago  it  was  manufactured  in  seyeral  places, 
and  especially  near  Nonlhausen,  in  Prussian  Saxony,  latterly  its 
manufacture  according  to  the  only  method  formerly  employed  has 
been  carried  on  exclusively  in  Bohemia,  by  the  firm  of  Johann 
David  Starck.  Tlie  reason  of  this  was  that  in  this  manufacture 
manual  labour  constitutes  a  very  large  portion  of  the  expense,  and 
that  it  requires  a  ver}*  large  space  and  a  great  number  of  small 
apparatus,  so  that  it  can  only  pay  imder  certain  conditions  rarely 
present.  Owing  to  this,  all  other  factories  have  ceased  to  work, 
even  those  in  the  Ilarz  (which,  by  the  way,  were  not  located  at 
Nordhausen  itself,  where  there  was  only  a  warehouse  for  the  acid, 
but  at  Braunlage  and  Goslar). 

So  long  as  fuming  oil  of  vitriol  was  only  used  for  dissolving  indigo, 
the  monopoly  of  the  Bohemian  firm  was  not  very  much  felt ;  but 
since  very  large  quantities  of  fuming  acid  are  required  for  refining 
ozokerite  and  especially  in  the  manufacture  of  alizarine  and  eosin^ 
many  efibrts  have  been  made  at  producing  that  acid  in  another 
way ;  and  success  has  at  last  been  attained.    The  attempt  has  been 
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made  in  two  ways  :-fir8t,  by  trying  whether  the  ferric  sulphate 
cannot  be  replaced  by  other  sulphates  yielding  their  acid  on  heatings 
partly  or  entirely  as  anhydride ;  and,  secondly,  trying  whether  the 
anhydride  (as  a  solution  of  which  in  sulphuric  hydrate  the  "  oleum '' 
can  be  viewed)  cannot  be  obtained  synthetically. 

These  methods  shall  be  mentioned  later  on ;  we  must,  however, 
in  the  first  place  describe  the  method  by  which  the  oil  of  vitriol 
was  exclusively  supplied  up  to  nearly  the  present  time — ^namely, 
from  '^  vitriol  stone  '^ — which  rests  on  the  fact  that  ferric  sulphate, 
Fe2(S04)3,  at  a  red  heat  splits  up  into  ferric  oxide  (FcjOg)  and 
sulphuric  anhydride  (SSOg),  the  latter  of  which  is  partly  decom- 
posed into  SO  J  and  O. 


}f 


The  manufacture  of  fuming  oil  of  vitriol  from  ''  vitriol  stone. 

All  former  descriptions  of  this  manufacture  have  been  made 
obsolete  by  that  given  by  E.  V.  Jahn  in  Wagner^s  '  Jahresbericht,' 
1873,  p.  220.  We  shall  give  an  abstract  of  the  latter,  adding  some 
supplementary  notes. 

The  basis  of  the  whole  manufacture  is  constituted  by  the  Przibram 
slates,  belonging  to  the  Silurian  formation  and  lying  directly  over 
the  palseozoic  clay-slate.     They  are  of  different  kinds :  either  they 
are  quite  similar  to  the  palaeozoic  clay-slates  and  can  be  partly  used 
as  roofing-slates   (these  are  called  "dead  slates^'),  or  they  contain 
coal  and  from  1  to  31  per  cent,  of  pyrites.     The  latter  can  be  readily 
distinguished  by  their  darker  colour  and  considerable  specific  gra- 
vity ;  they  are  called  '^  alum-slates,^'  or,  more  appropriately,  "  cop- 
peras-slates.^'     They, occur  in  large  seams,  up  to  20  fathoms  thick, 
at  the  edge  of  the  Pilsen-Wald  beds ;  they  are  most  frequently  met 
with  at  the  banks  of  watercourses,  where  the  water  has  denuded  the 
surface,  and  are  distinguished  by  their  oxidability  and  frequent 
efflorescence  of  copperas.     Sometimes  their  influence,  where  they 
have  been  confounded  with  the  less-decaying  slates  in  erecting 
railway  embankments  &c.,  is  felt  in  a  very  unpleasant  way.    The 
oxidability  of  the  copperas-slates  has  led  to  a  special  industry,  which 
has  existed  since  the  16th   century.    "When  rich  in  aluminium 
(which  is  only  exceptional) ,  the  slates  serve  for  making  alum ;  when 
poor  in  alumina  and  rich  in  pyrites,  for  copperas  and  "  vitriol  stone '' 
(  Vitriohtein),  t.  e.  ferric  sulphate — from  which  naturally  followed 
the  manufacture  of  fuming  oil  of  vitriol.    The  Pilsen  sulphur-works 
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are  alroadv  mentioned  in  1526 ;  the  fuming  oil  of  vitriol  is  die 
oKtost  form  of  sulphuric  acid,  and  was  first  manufactured  in  6oh^ 
mia.  whtnuv  it  was  driren  by  the  horrors  of  the  thirty  yean'  wv 
and  the  followiusr  horrors  of  the  counter-reformatioii :  and  the 
Noiilliausou  ci^uutry  received  it.  For  some  time  past,  however, 
that  industry,  haviuir  ceased  to  exist  near  Xordhausen,  has  returned 
to  its  old  home  iu  [k>hcmia.  where  it  was  favoured  by  the  presence 
of  laip.^  stores  of  fossil  fuel  in  the  immediate  vicinity  of  the  oop- 
|H^ras-slates.  Since  1778.  at  Gross-Lukavic,  the  manufacture  of 
oleum  has  been  resumed,  but  only  since  1792  on  a  larger  scale, 
when  Johauu  David  Starck  took  it  in  hand,  at  first  with  the  assist* 
auix^  of  men  obtaiucvl  from  the  Xordhausen  factories.  He  first  used 
calciuixl  i\^pjx^ras.  then  "  vitriol  stone ''  bought  at  Altsattel.  He 
also  made  lanrer  quautities  of  ordinary  sulphuric  acid^  and  advanced 
the  whole  industrial  development  of  that  couutryto  such  an  extent 
that  in  IS">(>  he  was  ennobled.  The  firm  is  still  carried  on  by  his 
sou.  who  has  all  but  mouopoazed  the  manufacture  of  fuming  acid, 
which,  however,  is  oulv  one  of  the  branches  of  his  enormous  esta- 
blisluuents.  yearly  putting  into  the  market  goods  to  the  value  of 
nearly  half  a  million  sterling.  The  principal  seats  of  the  mannfac- 
tun^  of  fuming  \itriol  are  at  Bras.  Kasnau,  Bykov,  and  Davidsthal. 
It  cinisists  of  thnx^  branches : — 1st,  the  production  of  the  vitriol 
stone ;  ::?nd.  the  distillation  of  ''  oleum ;''  3rd,  the  production  of 
••  caput  mortuum.'* 

The  prtkiHctioH  of  vitriol  ttone  originally  took  place  from  the 
mother-lii]uors  of  tx^pi^ras-  and  alum-making,  which  principally 
contain  ferric  sulphate  :  but  it  now  comes  chiefly  from  the  copperas- 
slate  f '  \*itriolsi*hiefer ' ') .  of  which  Authon  has  given  the  following 
analvscs : — 

Frv>m  WeuBgron. 

I.  li.  DuoTiL  Hromic  Brnm. 

8oubl^  in  writor :  — 

Sulphatw  of  C«.  \U.  Fe 1'20  2^S0  1-00  l-flO  080 

Inioluble : — 

Iron*uIphid* 12^37  3l\\3  1450  11-58  U-» 

Ferric  oxide  i»^T»^  211  2  42  016  OtH 

Alumina ^o*^  2'4«)  itiO  1-20  l-» 

SiHa  74^>  ^:■li6  71-21  75^  73^i0 

Carbon   6t»9  4 &9  6S4  8*40  8-80 

CaO.  Co.  Se.  A*.  lo€a    1  iS  015  1-23  1-36  0-73 

Spedfic  graritr 2  76  315  2^  2-58 

The  Talue  of  the  slates  does  not  depend  upon  their 
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least  of  all  upon  that  of  visibly  crystallized  iron-pyrites,  which  is 
not  easily  oxidized,  but  upon  that  of  iron  sulphide  in  an  extremely 
fine  state  of  division,  which  exists  especially  in  the  last  two  varie- 
ties. These  decompose  so  completely  that  after  a  few  years  nothing 
but  loose  carboniferous  silica  is  left  behind.  From  this  it  follows 
that  the  calcining  of  the  copperas-slates  (formerly  employed)  not 
only  did  no  good,  but  much  harm,  by  driving  off  a  good  deal  of 
sulphur  as  SO^.  The  largest  plant  for  producing  the  copperas- 
slate  is  at  Hromic,  where  a  seam  of  20  fathoms  thickness  exists  at 
a  depth  of  11  fathoms.  Between  the  years  1831  and  1871  650,000 
tons  of  suitable  ore  were  got  here ;  and  altogether  about  9^  mil- 
lions of  tons  are  available.  At  Littau  there  are  about  7  millions 
of  tons ;  and  so  forth.  The  ore  is  broken  up  pretty  equally  by 
stone-breaking  machines,  and  tipped  into  large  terrace-shaped 
heaps,  leaving  both  horizontal  and  perpendicular  air-channels. 
By  means  of  a  system  of  spouts  water  can  be  sprinkled  all  over. 
The  process  of  oxidation  by  weathering  lasts  about  three  years ; 
and  very  large  heaps  having  been  made  at  first,  strong  lyes  are 
always  obtained.  The  ores,  on  lying  in  the  moist  air,  grow  hot ; 
the  pyrites  is  oxidized,  first  to  ferrous  sulphate,  then  to  ferric  sul- 
phate, along  with  a  little  aluminium  sulphate.  These  salts,  together 
with  the  pre-existing  soluble  salts,  are  lixiviated  by  water  conveyed 
in  the  above-mentioned  spouts.  The  brown  liquors,  possessing  a 
density  of  generally  28°,  and  up  to  38°  Tw.,  are  run  into  wooden 
reservoirs,  where  they  remain  some  time  for  settling  and  are  a  little 
concentrated  by  spontaneous  evaporation  and  also  more  highly  oxi- 
dized. Then  they  are  concentrated,  by  top-heat  in  brick  furnaces, 
up  to  77^  Tw. ;  the  soot  and  ashes  are  allowed  to  deposit  in  settling- 
tanks  ;  and  the  clear  liquor  is  further  evaporated  in  cast-iron  boilers 
to  a  sirupy  consistence.  If  then  run  onto  the  floor,  it  solidifies  to 
crude  vitriol  stone.  This  is  a  hard,  pale  green  or  yellowish-green 
mass,  containing  still  a  good  deal  of  ferrous  sulphate  and  water  of 
crystallization.  In  order  to  remove  the  latter  and  to  oxidize  the 
former,  it  is  calcined  in  open  roasters.  The  calcined  vitriol  stone 
is  essentially  anhydrous  ferric  sulphate ;  it  is  yellowish  white,  dis- 
solves in  water  with  a  reddish-yellow  colour  without  leaving  any 
large  residue ;  and  the  solution  has  a  strongly  acid  reaction.  It 
still  contains  a  little  ferrous  sulphate  and  constantly,  in  variable 
quantities,  aluminium  sulphate  along  with  a  little  magnesium  and 
calcium  sulphates.    The  production  of  vitriol  stone  at  Hromic, 
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Littau^  and  Weissgriin  in  1872  amounted  to  about  3000  toni;  t 
takes  from  6  to  20  tons  of  slates  to  make  one  ton  of  Titriol  stone. 
The  stone  formerly  only  yielded  about  33  per  cent,  of  ''oleum;' 
now^  however^  owing  to  improved  processes^  it  yields  trom  40  to  aO 
per  cent. 

The  firm  of  J.  D.  Starck  works  up  the  stone  in  4  works^  alt(K 
gether  with  120  *'  olcum-furuaces.^^  These  are  the  galley  fumacei, 
well  known  from  older  technological  works.  The  calcined  vitriol 
stone  is  broken  by  crushing-rollers  and  charged  into  the  oleum- 
retorts^  made  of  fireclay.  On  each  side  of  the  galley  furnace  then 
are  four  tiers  of  31  retorts  each,  the  bottoms  of  those  in  the  centre 
nearly  touching  one  another.  A  fifth  tier  is  formed  at  the  top  bf 
3-1*  large  retorts,  open  at  either  side,  reaching  right  across  the  fur- 
nace, and  at  each  side  provided  with  a  receiver.  £ach  of  tbe 
smaller  retorts  also  is  connected  with  a  receiver,  large  enough  for 
holding  the  product  of  4  or  5  distillations.  The  necks  of  the 
receivers  arc  narrower  tlhin  those  of  the  retorts  ;  they  are  put  into 
the  latter,  and  the  joint  plastered  with  clay.  Such  a  furnace  thus 
contains  272  small  and  34  large  oleum-rctorts  and  340  receivers. 
The  lower  part  of  the  furnace,  where  the  fireplace,  grate^  and  ash- 
pit are  located,  is  made  of  solid  masonry ;  the  upper  part  consists 
of  a  light  arch,  perforated  for  each  retort  in  such  a  way  that  the 
necks  of  these  hold  them  without  any  further  support.  The  bottom 
tier  of  the  receivers  rests  upon  the  brickwork,  the  higher  tiers  on 
wooden  laths. 

Into  each  retort  is  ladled,  on  the  average,  750  grms.  of  vitrid 
stone.  The  yearly  consumption  at  Starck's  works  is  724,000 
retorts  and  4(),000  receivers  (formerly  twice  as  much) .  They  arc 
made  at  private  potteries  near  the  works,  and  thus  only  cost  about 
Irf.  to  l^rf.  a  piece,  whilst  formerly,  when  bought  abroad^  they  cost 
about  3d.  each. 

At  the  beginning  of  the  distillation  the  temperature  is  slowly 
raised,  so  that  after  4  hours  the  bottom  tier  of  retorts  has  only 
attained  a  red  heat.  During  this  time  the  retorts  are  left  open; 
and  consequently  nearly  all  the  ferrous  sulphate  still  present  is 
oxidized  to  ferric  sulphate.  With  a  higher  heat  there  appear  at 
the  mouth  of  the  retorts  aqueous  vapour  and  sulphurous  acid, 
generated  from  aluminium  sulphate  and  still  existing  ferrous  sul- 
phate. Now  thick  vapours  of  sulphuric  anhydride  follow^  which 
gives  the  sign  for  putting  on  the  receivers.    As  the  ferric  sulphate 
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simply  splits  up  into  Fe^Og  and  SOg,  but  the  "  oleum ''  is  a  variable 
mixture  of  SOg  and  SO4H2,  or  rather  of  pyrosulphuric  acid  (H^SjOy) 
with  sulphuric  acid^  some  liquid  containing  water  must  be  put  into 
the  receivers^  in  order  to  condense  and  dissolve  the  sulphuric  an- 
hydride. This  may  be  either  rain-water,  or  ordinary  (so-called 
"English'^)  oil  of  vitriol.  In  the  former  case  each  receiver  gets 
^  lb.  of  water,  and  it  takes  4  or  5  distillations  from  the  retort  to 
attain  the  usual  concentration  of  the  oleum  (79°  Baum^.  When 
the  receivers  have  been  charged  with  ''  English  '^  oil  of  vitriol,  of 
66°  Baum^  (  =  170°  Tw.),  it  only  takes  3  or  4  distillations  to  get 
it  up  to  80°  Baum^. 

When  the  oleum  has  reached  sufficient  concentration,  which  the 
workmen  recognize  from  the  speed  with  which  a  wood  splinter, 
dipped  into  it,  is  charred,  it  is  filled  into  stoneware  bottles  and  left 
for  a  week  to  settle,  after  which  time  the  clear  acid  is  drawn  off 
from  the  deposited  mechanical  impurities.  The  specific  gravity  is 
sometimes  artificially  increased  by  addition  of  anhydrous  sodium 
sulphate,  to  which  practice,  as  Mr.  E.  V.  Jahn  in  his  report  naively 
remarks,  the  consumers  decidedly  object.  When  "  English  ^^  oil 
of  vitriol  has  been  put  into  the  receivers,  the  oleum  of  course  con- 
tains the  well-known  usual  impurities  of  the  former. 

The  ferric  oxide  remaining  in  the  retorts  (about  33  J  per  cent.)  is 
known  by  the  name  of  caput  mortuum,  colcothar,  English  red,  &c. 
(In  England  a  similar  article  is  called  "Venetian  red.^')  It  is  raked 
out  of  the  retorts  after  each  distillation^  and  exhibits  different 
colours  according  to  the  degree  of  heat  to  which  it  has  been  exposed. 
The  lower  tiers  supply  it  of  darker,  the  upper  ones  of  lighter  colour. 
In  the  crude  state  it  was  very  difficult  to  sell  as  a  common  pigment 
or  polishing-powder ;  in  1832  about  250  tons  of  it  were  sold. 
J.  D.  Starck  has  very  much  improved  this  article  by  proper  treat- 
ment ;  so  that  in  1872  1000  tons  of  it  were  sold,  of  19  shades  and  41 
kinds ;  it  is  especially  used  at  Hamburg  for  painting  ships.  At  the 
Bras  works  it  is  ground  under  French  mill-stones  and  again  calcined 
with  the  addition  of  common  salt  and  at  a  certain  temperature. 
The  yellow  shades  are  obtained  by  an  addition  of  2  per  cent,  of  salt, 
igniting  for  an  hour,  and  gradual  cooling  in  a  closed  space ;  the 
brown  ones,  by  adding  4  per  cent,  of  salt;  the  purple  ones,  by  6 
per  cent,  of  salt,  igniting  for  6  hours  at  a  gradually  increasing  heat, 
and  rapid  cooling.  The  igniting  takes  place  in  fire-clay  pipes  lying 
in  galley  furnaces  similar  to  the  oleum-fiimaces,  each  of  them  con- 
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taining  60  pipes.  Uoless  the  temperature  is  exactly  regulated,  the 
product  becomes  dark  brown,  and  is  then  of  little  value.  The  bed 
is  contained  in  the  two  top  tiers.  After  the  igniting  and  cooling, 
it  is  sifted  and  levigated ;  by  mixing  the  three  above-named  prin- 
cipal shades  the  commercial  shades  between  yellow,  purplish  red, 
and  dark  purple  are  obtained^  which  now  only  require  drying  and 
packing. 

The  smallncss  of  tlie  retorts  used  fur  decomposing  the  vitriot 
stone,  and  the  large  number  of  these  apparatus  consequently  neces- 
sary, are  evidently  to  be  explained  by  the  fact  that  in  larger  i^ps- 
ratus  the  beat  would  penetrate  too  unequally  and  would  cause  great 
loss  by  overheating  one  part  and  insufficiently  heating  another  part 
of  the  charge. 

The  following  drawings  of  gallej'  furnaces  so  far  deviate  from  the 
preceding  dcscriptiou,  that  in  the  place  of  five  tiers  of  retorts  only 
two  or  three  are  shown.     Fig.  ;)08  (from  Knapp)  represents  a  two- 
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tier  furnace  in  perspective  view,  fig.  309  (from  Kert-Stohmann)  a 
three-tier  furnace  in  section.  In  both  cases,  erroneoualy,  the  neck 
of  the  retort  is  drawn  as  entering  that  of  the  receiver;  whilst  the 
opposite  is  the  case^  so  that  the  luting  cannot  get  into  the  receiver. 
The  retorts  are  pear-shaped,  10  in.  long,  at  the  bottom  3J  in.,  in 
the  middle  4^  in.,  at  the  mouth  3^  in.  wide,  with  walls  half  an  inch 
thick.  The  receivers  have  nearly  the  same  shape ;  but  they  an 
longer,  and  narrower  in  the  neck.  The  luting  consists  of  daruid 
sawdust.     Each  distillatiou  takes  36  hours ;  the  end  is  known  by 
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the  receivers  getting  cold.  The  fire  is  thea  allowed  to  go  out,  the 
iurnace  allowed  to  cool  for  12  hours,  the  hardened  luting  broken 
by  B  few  taps  with  an  iron  tool,  and  the  receivers  taken  off.  The 
contents  of  the  latter  are  not  emptied  into  the  well-known  stoneware 
bottleS]  closed  by  screw-plugs,  until  they  have  become  sufficiently 
concentrated — that  is,  after  4  or  5  operations  (see  above) ';  the  retorts, 
however,  are  cleared  out  every  time,  by  raking  out  the  caput  mor- 
tuum,  and  are  tested  by  tapping  to  see  whether  they  are  still  sound. 
I£  not,  they  are  replaced  and  the  distillation  at  once  begun  irith  a 
fresh  charge.  Formerly  each  distillation  iu  a  furnace  of  288  retorts 
required  30  new  retorts  and  3  new  receivers ;  now  there  is  less 
breakage.     The  fuel  is  wood  well  dried,  or  lignite. 

Payen  gives  the  following  cost-account  for  100  kilog.  oleum  (now 
probably  obsolete) : — 

ttt.     ct 

250  kil.  vitriol  stone    14  0 

2000  kil.  lignite   8  0 

Wages  8  0 

4  retorts  and  4  receivers  (?)    2  0 

Interest 1  80 

28  80 
125  kil.  residue,  value 2     0 

Cost  of  100  kil.  oleum 26  80 
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Sometimes  the  acid  from  Bohemian  vitriol  stone  is  black  and 
must  be  decolorized  by  the  addition  of  a  little  nitric  acid^  whid 
diminishes  its  value^  since  the  nitric  acnd  cannot  be  totally  lemofed 
again. 

The  acid  which  is  used  in  the  manufacture  of  artificial  alizarine 
must  be  still  richer  in  anhydride  than  the  best  oleam  as  it  came 
from  Bohemia  up  to  the  last  few  years.  This  so-called  ''  solid  sulphu- 
ric acid"  the  alazarine-manufacturers  formerly  made  for  themsel?es 
by  heating  the  oleum  in  cast-iron  retorts  and  receiving  the  escaping 
anhydride  in  another  part  of  the  acid^  contained  in  iron  vessels 
entirely  protected  from  the  access  of  air ;  but  now  Starck's  worki 
regularly  supply  a  solid  acid  with  40  to  45  per  cent.  SO3,  which  is 
almost  pure  pyrosulphuric  acid ;  and  they  are  now  said  to  sell  also 
pure  anhydride  in  soldered-up  tin  cans  (similar  to  the  London  or 
G.  C.  Zimmer's  article,  see  below). 

Fuming  sulphuric  acid  from  sodium  bisulphate. — Prelicr  (Engl. 
Patent,  June  2l)th,  1847)  has  proposed  to  prepare  fuming  oil  of 
vitriol  by  the  following  process,  which  is  said  to  have  been  carried 
out  in  France  on  a  large  scale  (hardly  permanently) .  100  parts  of 
calcined  sodium  sulphate  are  mixed  with  2  parts  of  potassium  sul- 
phate and  2  parts  of  gypsum,  charged  into  retorts  of  sandstone  (f), 
and  a  sufficient  quantity  of  concentrated  sulphuric  acid  added  to 
form  bisulphates.  Then  heat  is  applied  ;  first  all  the  water  distib 
over,  then  sulphuric  acid  of  77^,  then  of  106**,  then  of  170°  Tw.,  and 
at  last  fuming  acid.  The  latter  is  known  by  the  drops  falling  into 
water  producing  a  hissing  noise ;  then  a  receiver  filled  with  acid  of 
170^  Tw.  is  put  on.  This  acid  sometimes  contains  sodium  sulphate. 
The  residue  in  the  retort  is  always  used  for  the  same  purpose.  The 
acid  made  in  this  way  is  said  to  cost  only  half  as  much  as  that  made 
from  copperas  (?) .  Exactly  contrary  to  thi?  is  the  assertion  of  a 
young  engineer,  Schemfil,  who  on  Dec.  2nd,  1869,  took  out  a  French 
patent  for  the  continuous  manufacture  of  fuming  oil  of  vitriol  fix)m 
calcined  copperas  in  closed  vessels  (Moniteur  scientif.  1870,  p.  492 ; 
it  is  evidently  a  tiro's  proposal)  j  he  calculates  that  the  acid  made 
by  the  process  usual  in  France  from  sodium  bisulphate  costs  100 
to  140  francs  for  100  kilog.,  but  the  acid  made  at  Nordhausen 
(where  for  a  long  time  none  has  been  made !)  only  8  to  12  firancs 
for  100  kilog.     His  statements  are  in  every  respect  improbable. 

Wallace  obtained  an  English  patent  (May  30,  1876)  for  heating 
sodium  bisulphate  in  fire-clay  retorts;  the  formed  anhydride  or 
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fuming  vitriol  is  to  be  collected  ia  earthenware  jars  with  a  lid  per- 
forated for  receiving  the  gas-pipe>  which  can  be  replaced  by  a  plain 
cover ;  thus  the  acid  can  be  sent  out  in  the  receiver  itself,  and  the 
fumes  emitted  in  pouring  it  from  one  vessel  into  another  are  avoided. 
The  fumes  first  coming  over,  which  consist  of  aqueous  sulphuric 
acid,  are  coudensed  separately.  The  sodium  sulphate  remains  in 
the  retort,  and  is  always  reconverted  into  bisulphate  by  adding  sul- 
phuric acid  ;  so  that  continuous  operation  is  possible. 

It  is  very  probable  that  the  manufacture  of  pyrosulphuric  acid 
and  anhydride,  latterly  carried  out  in  Germany  and  England,  but 
thus  far  kept  very  secret,  is  founded  upon  the  application  of  bisul- 
phate, probably  combined  with  Winkler's  method  (see  below)  for 
recombining  the  SO^  and  O  formed  in  the  operation ;  possibly  other 
metallic  sulphates  are  employed  for  the  same  purpose.  It  is  said 
that  partly  platinum  apparatus,  partly  other  material  is  employed 
— the  former  no  doubt  with  special  precautions ;  for,  under  ordi- 
nary circumstances,  on  decomposing  bisulphates  in  platinum-lined 
earthenware  vessels  1  gram  of  platinum  is  dissolved  for  each  kilo- 
gram of  pyrosulphuric  acid  (Schcurer-Kestner, '  Comptes  Bendus,^ 
29th  April,  1878),  which  would  make  the  acid  much  dearer  than  is 
indicated  by  its  present  price  (£65  per  ton  of  pure  SOg). 

Fuming  sulphuric  acid  from  the  action  of  boric  acid  upon  sodium 
bisulphate  (Kerl-Stohmann,  'Chemie,'  3rd  cd.  vi.  p.  156). — This 
method  has  probably  never  emerged  beyond  the  state  of  a  sug- 
gestion. 

From  magnesium  sulphate,  cither  the  natural  anhydrous  salt,  or 
that  made  by  calcining  Epsom  salts  (Sonstadt's  patent,  March  3rd, 
1875).  The  operation  was  to  be  carried  out  in  the  same  way  as 
with  ferric  sulphate.  Wagner  (Jahresb.  1876,  p.  327)  observes 
that  the  experiments  formerly  made  by  igniting  calcined  kieserite 
produced  very  little  sulphuric  anhydride,  but  very  much  sulphurous 
acid  and  oxygen. 

From  magnesium  sulphate  and  sodium  pyrosulphate  mixed. — 
Wolters  has  obtained  a  German  patent  (No.  3110,  March  5th, 
1878)  for  this  process.  MgS04  acts  upon  Na^SaOy  considerably 
below  a  red  heat,  a  double  salt  (MgSO^,  Na^SO^)  being  formed,  and 
SO3  being  liberated.  Instead  of  Na^S04,  K2SO4  &c.  may  be  em- 
ployed. The  remaining  salt  is  reconverted  into  the  mixture  first 
employed  by  treatment  with  water  and  ordinary  sulphuric  acid, 
and  exposing  to  sufficient  heat.     The  value  of  this  process  is  said 


640  8ULPHURIC  ACID. 

to  consist  in  the  fact  that  the  anhydride  is  liberated  at  a  mndi 
lower  temperature  than  from  sodium  pyrosulphate  alone^  thus  pn- 
venting  much  loss^  causing  a  larger  yield  of  SO3,  and  permitting 
the  use  of  ordinary  fire-proof  materials  without  any  extraordinin 
wear  and  tear.  (Experiments  made  in  the  author's  labontton 
with  Wolters's  process  have  to  a  great  extent  confirmed  thcic 
statements. 

The  preparation  of  sulphuric  anhydride  and  of  fuming  acid  by 

catalytic  action. 

By  this,  now-a-days  not  very  scientific-looking  expression  we 
will  designate  all  those  syntheses  of  SO3  in  which  the  action  of  the 
mediating  substance  cannot  be  traced,  but  the  union  of  SO^  with  0 
seems  to  result  from  mere  contact  with  another  substance.  For- 
merly it  would  only  have  been  necessary  to  mention  the  many  pro- 
posals of  this  kind  in  a  few  words,  just  as  we  shall  do  later  on 
with  the  other,  hitherto  sterile,  proposals  for  making  sulphuric  acid 
otherwise  than  by  the  usual  chamber-process.  But  as  CI.  A.  Winkler 
in  1875,  by  his  original  treatment  of  the  matter,  gave  it  a  practical 
shape,  the  labours  of  his  predecessors  must  be  also  mention^  rather 
more  explicitly. 

Phillips  (who  already  on  March  31st,  1831,  had  taken  out  an 
English  patent  for  uniting  SO^  and  O  by  ignited  platinum  &c.) 
and  Magnus  (Poggendorff's  '  Annalen,^  xxiv.  p.  610)  observed  in 
1832  that  a  mixture  of  2  vols,  of  sulphurous  acid  and  1  vol.  of 
oxygen  gas,  which  in  tlie  dry  state  remains  unchanged,  is  gradually 
condensed  in  the  presence  of  water,  but  much  more  quickly  in  the 
presence  of  ignited  platinum.  If  the  moist  mixture  of  SO^  and  O 
or  atmospheric  air  is  conducted  through  a  darkly  red-hot  tube 
containing  platinum  sponge  or  wire^nearlyall  the  SO^is  condensed 
to  oil  of  vitriol ;  dry  platinum  black  converts  the  mixture  into 
fuming  acid  (Doebereiuer,  ib.  p.  609).  Magnus  even  observed  the 
formation  of  a  little  sulphuric  acid  on  conducting  the  mixture 
through  a  darkly  red-hot  tube  containing  broken  glass — and,  in  a 
smaller  degree,  through  an  empty  tube ;  Mahla  certainly  could  net 
confirm  this.  Blondeau  (Compt.  Bend.  xxix.  p.  405)  found  in  1849 
that  darkly  red-hot  argillaceous  sand  has  the  same  effect  upon  a 
moist  mixture  of  SO3  and  O. 

The  formation  of  anhydride  under  these  circumstances  had  been 
already  noticed  by  Phillips  and  Magnus ;  and  Doebereiner's  above- 
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mentioned  experiment  had  confirmed  it.  WoeUer  and  MalilA 
found  in  1852  (Ann.  Chem.  Pharm.  Ixxxi.  p.  255)  that  the  oxides 
of  copper,  iron,  chromium,  best  of  all  a  mixture  of  chromium  and 
cupric  oxide,  brought  to  a  low  red  heat,  caused  the  formation  of 
thick  fumes. 

Platinum  as  sponge  and  sheet  did  not  act  at  ordinary  tempe- 
ratures ;  but  it  acted  far  below  red  heat,  copper  sponge  only  after 
superficial  oxidation.  Woehler^s  results  gave  an  impetus  to  several 
trials  on  the  large  scale  (for  instance,  at  the  Oker  works),  which, 
however,  remained  fruitless  (Wagner's  Jahresb.  for  1859^  p.  144), 
because  the  time  required  for  the  reaction  was  too  considerable. 
No  more  success  was  attained  by  Schneider's  process,  with  plati- 
nized pumice,  much  praised  in  1848  (Diogler^s  Joum.  cvii.  pp.  159, 
363,  cix.  p.  354),  and  the  trials  of  Plattner  (Die  metallurgischen 
Rostprocesse,  p.  339)  and  Reich  (Dinglei^s  Joum.  ccxvii,  p.  230), 
both  the  latter  made  at  the  Mulden  works  with  ignited  quartz  as  the 
catalytic  substance.  Exactly  the  same  process  has  been  again  pro- 
posed by  Piria  ('  Cimento,'  ii.  p.  293 ;  Liebig's  '  Jahresb.'  1859, 
p.  308),  evidently  only  for  laboratory  use,  as  the  sulphurous  acid 
was  to  be  made  from  sodium  sulphite  and  dilute  sulphuric  acid ; 
and  not  atmospheric  air,  but  oxygen  was  to  be  employed.  Kuhl- 
mann  once  more  patented  the  same  method  in  1858 ;  other  patents, 
by  Laming  (1848),  Robb  (1853),  Trueman  (1854),  Schmersahl  and 
Bouck  (1855),  alike  contain  nothing  new. 

Most  of  these  proposals  were  made  with  the  object  of  replacing 
the  lead-chamber  process  by  one  believed  to  be  simpler  and  better, 
and  did  not  aim  at  the  production  of  sulphuric  anhydride  or  fuming 
oil  of  vitriol,  but  of  ordinary  sulphuric  acid.  Thus,  for  instance, 
Phillips  (see  above)  proposed  to  drive  sulphurous  acid,  made  by  the 
combustion  of  sulphur,  and  mixed  with  an  excess  of  atmospheric 
air,  by  means  of  a  blowing  engine  through  a  nearly  red-hot  cast- 
iron  tube  filled  with  platinum  sponge  or  finely  roUcd-up  platinum 
wire;  the  sulphuric  acid  vapour,  formed  therein,  was  introduced, 
along  with  the  nitrogen  and  the  atmospheric  air  present  in  excess, 
at  the  bottom  of  a  long  upright  lead  cylinder  filled  with  pebbles, 
over  which  water  continually  trickled  down  for  condensing  the 
sulphuric  acid.  In  order  to  save  the  expensive  use  of  platinum 
alone,  Piria  proposed  pumice  impregnated  with  platinum  salt  and 
ignited ;  and  most  of  the  other  inventors  enumerated  above  propose 
to  do  altogether  without  platinum.    But  all  these  attempts  failed; 

2t 
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the  reaction  was  too  slow  and  imperfect,  and  altogether  incapaUe 
of  competing  with  the  ordinary  lead-chamber  process. 

The  matter  takes  a  different  aspect^  when  the  question  is  not  that 
of  competing  with  the  lead-chamber  process  for  ordinary  yitriol, 
but  with  the  vitriol-stone  process  for  fuming  acid,  or  even  to  make 
sulphuric  anhydride  itself  on  a  manufacturing  scale.  This  latter 
had  never  been  done  till  the  most  recent  time ;  and  the  fmning 
acid  is  made  in  Bohemia  exactly  in  the  same  way  as  it  was  neariy 
a  century  ago,  with  an  enormous  expenditure  of  labour,  fuel,  space, 
and  vessels,  and  on  a  very  small  scale,  only  enlarged  by  repetition 
of  the  apparatus.  Although  these  circumstances  and  the  fact  of 
being  dependent  upon  the  occurrence  of  copperas-slates  had  gra- 
dually given  a  monopoly  of  the  manufacture  of  fuming  vitriol  into 
the  hands  of  that  single  Bohemian  firm,  its  use  has  recently  very 
much  increased,  since  fuming  acid  has  been  employed  for  purifying 
ozokerite,  for  the  manufacture  of  benzenedisulphonic  acid,  anthra- 
cenedisulphonic  acid,  and  other  organic  sulpho-acids  serving  as 
intermediate  stages  in  the  manufacture  of  sundry  colouring-matters. 
It  could  be  predicted  with  certainty  that  this  powerful  chemical 
agent  would  acquire  eminent  technical  importance  as  soon  as  the 
monopoly  of  its  production  was  broken.  It  is  the  great  merit  of 
Professor  CI.  A.  Winkler  to  have  brought  this  question  to  a  focus 
in  1875  by  a  fundamental  research  (Dinglcr's  Journal,  ccxviii. 
p.  128 ;  Wagner's  Jahresb.  1875,  p.  296),  the  contents  of  which  I 
give  in  abstract,  as  follows : — 

Winkler,  in  the  first  place,  proposes  to  emancipate  the  manufac- 
ture of  oleum  from  local  circumstances,  such  as  the  occurrence  of 
copperas-slates,  by  making  vitriol  stone  by  the  treatment  of  ground 
caput  mortuum  with  concentrated  oil  of  vitriol.  These  two  bodies 
unite  on  gentle  heating  to  a  yellowish-white  hard  mass  of  ferric 
sulphate.  The  water  of  the  sulphuric  acid  is  evaporated  by  the 
heat  developed  in  the  reaction  itself,  without  any  external  heat 
being  applied,  if  quantities  not  too  small  are  employed  and  the 
proper  proportion  of  1  part  of  caput  mortuum  to  1*8  part  of  acid 
is  observed.  If,  instead  of  acid  of  170°Tw.,  chamber-acid  be  used 
the  mixture  of  this  with  ferric  oxide  still  hardens  on  prolonged 
heating  to  vitriol  stone,  the  water  being  volatilized.  The  caput 
mortuum  can  be  replaced  by  any  other  form  of  ferric  oxide,  such 
as  burnt  pyrites,  if  pure  and  very  finely  ground.  The  ferric  oxide 
is  always  recovered  again  on  distilling  the  oil  of  vitriol,  and  can  be 
used  over  again  for  producing  fresh  vitriol  stone. 
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The  distillation  of  oleum^  however^  is  a  process  little  suited  for 
working  on  a  large  scale.  The  bulky  apparatus  and  the  difficulty 
of  managing  it  justly  deter  any  one  from  trying  to  apply  it  else- 
where than  where  it  has  been  practised  of  old.  The  manufacture 
of  oleum  can  only  become  general  by  sulphuric  anhydride  being  no 
longer  produced  by  heating  certain  anhydrous  sulphates^  but  directly 
from  sulphurous  acid  and  oxygen  by  catalytic  action.  The  possi- 
bility of  this  had  been  proved  long  ago ;  and  the  principal  difficulty 
was  that  of  choosing  the  fittest  substance  for  the  contact  action. 
This  must  in  any  case  be  platinum  in  a  fine  state  of  division ;  but^ 
on  account  of  its  costliness^  it  must  be  spread  over  an  indifferent 
surface,  by  which,  also,  its  activity  will  be  increased.  Most  highly 
to  be  recommended  for  this  purpose  is  platinized  asbestos,  obtained 
by  soaking  soft,  loosely  felted  asbestos  with  a  concentrated  solution 
of  platinum  chloride,  then  dipping  it  in  a  solution  of  sal  ammoniac, 
drying  and  igniting  it.  Much  less  efficient  are  other  contact  sub- 
stances impregnated  with  platinum,  such  as  pumice  or  porous 
earthenware. 

The  action  of  heated  platinized  asbestos  upon  a  mixture  of  SO^ 
and  O  may  under  certain  circumstances  lead  to  a  very  strong 
formation  of  anhydride ;  but  it  is  not  so  in  the  presence  of  other 
diluting  gases,  as  the  following  experiments  show.  The  platinized 
asbestos  was  of  a  soft,  woolly  texture,  and  contained  8'5  per  cent, 
of  platinum.  It  was  employed  in  a  tube  heated  to  a  low  red  heat^ 
in  a  layer  12  inches  long  and  ^  inch  thick.  The  dried  gaseous 
mixture  entered  at  one  end  of  the  glass  tube,  passed  over  the 
asbestos  in  a  moderately  quick  current,  and  at  the  other  end  was 
first  conducted  into  water,  then  into  a  solution  of  sodium  carbo- 
nate. Of  100  parts  SOj  employed,  there  were  converted  into  SO3 
on  the  application  of, 

1st,  a  mixture  of  pure  SO^  and  pure  O  73'3  parts. 

2nd,         „  „        SOg  and  air 47*7    „ 

3rd,  a  gas  with  4  per  cent.  SOj  by  volume, 
obtained  by  burning  sulphur  in  a  current 
ofair  1I'5     „ 

Thus  the  action  of  the  platinized  asbestos,  and  probably  also  that 
of  all  other  contact  substances,  is  lessened  to  the  same  extent  as  the 
dilution  of  the  sulphurous  acid  by  indifierent  gas  increases ;  and  an 
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exiSim  fd  Ml^dnxrooi  acid  or  aarr^gcm 
^jif^MXifm  of  SOj  axMl  O  mntt  iho  be  ic^urded 

Xr/v  it  u  veil  kjki>vn  tikat  tlhe 
d^x^/mf0^Mtet  ai  a  Hrr/mg  rtd  kemi  imi^ 
waUr.    (/t  t\gt^.  tbtfi;  water  can  be  cmIt  and  rynpArtieH- 
and  there  n»&ali4ji  a  mixtare  c^  SO,  and  Ocxncthrin  tbe 
ner:?eii<ai7  for  V/rmiut  >(}^     In  this  vaj  evciv  adsiixtii: 
ferent  ^aA  coold  be  avoided ;  and  the  SO,  and  O  ocmld  be  icMiici 
\fj  iMiAjxii:  ^^Uiti^  and  thiu  the  falpharic  hjdnte  be  iudiieulj 
e^^irerted  int^i  anhjdnde.     In  order  to  carrr  this  exit  expernMB- 
talljT^  tlic  follow ini^  apparatus  wai  constraded.     A  wrrof^bt-iroa 
triU;  waa  corered  iiuiide  and  oatftide  with  a  mixture  of  firednr  and 
wat^rrglaii^ ;  tbiii  waA  burnt  in,  the  tube  filled  with  bits  erf*  povcdaiBy 
aii/1  then  brought  to  a  utrong  red  heat  in  a  charccml  fnmace.     Into 
a  r^Tirk  at  one  end  a  bent  funnel-tube  was  inserted,  throng  wludi 
sulphuric  acid  of  170^"  Tw.  was  continnonslj  dropped  in  ;  its  supply 
was  rcf^ilated  by  a  Mariotte's  bottle  and  a  screw  clsonp.     Tlie  sol- 
phuric-a^nil  vafXiur  generated,  passing  through  the  red-luyt  tube 
fjlli;d  with  bits  of  porcelain,  was  decomposed,  although  not  oom- 
plcU;ly,  mU)  SOj,  O,  and  H^O.    The  latter  was  retained  in  a  resael 
filli^fl  with  purnicc  soaked  with  strong  sulphuric  acid,  together  widi 
the  uri(lcKMirnjK>scd  sulphuric  acid.     The  remaining  dry  mixture  of 
HO,  ftiid  i)  entered  a  long  glass  tube  bent  downwards  at  the  further 
iiuA,  the  horiz^Hital  part  of  which  was  filled  with  platinized  asbestos, 
whilst  the  vertical  branch  entered  a  receiver  filled  with  strong  sul- 
phuric m;id.     This  was  succeeded  by  a  second  similar  receiTer,and 
this  by  a  receiver  filled  with  a  solution  of  sodium  carbonate  for  the 
absorption  of  80,.   As  soon  as  the  platinized  asbestos  had,  by  means 
of  a  gas-furnace,  l>een  brought  to  a  low  red  heat,  an  ample  forma- 
tion of  Nulpliuric  anliydridc  was  observed,  which  partly  condensed 
in  a  solid  state  in  the  tubes.     The  operation  went  on  regularly^ 
without  any  special  supervision.     After  several  hours  the  experi- 
ni(;nt  was  interrujitcd,  and  the  contents  of  the  first  receiver  were 
found  entirely  converted  into  fuming  vitriol.     It  was  ascertained 
that  ()'3  per  cent,  of  the  sulphuric  acid  employed  had  been  decom- 
]>oH(;(l,  and  of  tlie  quantity  decomposed  78  per  cent,  had  been  com- 
bined into  SOs. 

For  carrying  out  tliis  process  on  a  large  scale  Winkler  proposes 
the  following  apparatus : — The  decomposition  of  the  sulphuric  acid 
is  to  take  place  in  a  furnace  containing  fireclay  retorts,  similar  to 
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gas-retorts,  covered  by  brickwork  at  both  ends.  These  will  be 
filled  with  large  bits  of  quartz,  fire-bricks,  potsherds,  &c.,  and  carry 
the  usual  mouthpiece  with  a  pipe  for  taking  away  the  gas.  At  the 
other  end  a  wrought-iron  Welter's  funnel  tube  is  to  be  fixed. 
Through  this,  while  the  furnace  is  in  full  red  heat,  a  continuous  jet 
of  strong  sulphuric  acid  is  run  in  (possibly  a  weaker  acid  might  do), 
and  in  the  red-hot  retort  is  immediately  vaporized  and  decomposed. 
Perhaps  upright  retorts  would  answer  the  purpose  still  better. 
[Very  probably  it  would  be  preferable  to  evaporate  the  sulphuric 
acid  in  separate  vessels.]  The  mixture  of  SO3,  O,  and  aqueous 
vapour  thus  obtained  in  a  constant  stream  is  conveyed  from  the 
different  retorts  into  a  main  tube  serving  as  receiver,  and  passes 
from  this  into  the  condenser,  in  which  the  greater  part  of  the  water 
as  well  as  the  sulphuric  acid  carried  away  is  condensed.  The  con- 
denser would  suitably  consist  of  a  system  of  lead  pipes,  cooled  by 
air  or  water,  similar  to  the  condensers  at  gas-works.  The  sul- 
phuric acid  running  away  from  it,  and  perhaps  showing  22°  to  33® 
Tw.,  which  must  be  strongly  charged  with  sulphurous  acid,  would 
be  returned  to  the  chamber-process.  The  gaseous  mixture  is  then 
dried  in  one  or,  if  necessary,  in  two  coke-towers,  by  a  spray  of 
sulphuric  acid  of  144°  Tw.  It  can  now  be  exposed  to  the  action  of 
the  ignited  asbestos,  of  which  50  to  100  kilog.,  containing  4  to 
8  kilog.  platinum,  would  suffice  for  a  pretty  large  manufacture.  A 
diminution  of  the  contact-action,  which  it  has  been  feared  might 
take  place  in  time,  could  only  be  caused  by  ashes,  dust,  soot,  &c., 
none  of  which  can  come  into  action  here ;  besides,  the  platinum,  if 
necessary,  could  easily  and  cheaply  be  extracted  and  transferred  to 
fresh  asbestos.  The  action  of  the  platinized  asbestos  on  the  mixture 
of  SOg  and  O  begins  at  a  scarcely  visible  red  heat;  and  therefore, 
on  the  large  scale,  the  heat  of  the  fire-gas  escaping  from  the  fiimace 
for  decomposing  the  sulphuric  acid  will  be  available  for  this  pur- 
pose. This  fire-gas  is  conducted  through  a  muffle-shaped  space 
built  upon  the  first  furnace,  in  which  several  fireclay  pipes,  glazed 
with  a  porcelain  enamel,  are  placed,  loosely  filled  with  platinized 
asbestos.  The  gas  enters  this  after  leaving  the  drying-tower ;  the 
sulphuric  anhydride  formed  is  conveyed  away  by  similarly  glazed 
stoneware  pipes,  and  either  condensed  as  such  or  dissolved  in  ordi- 
nary strong  vitriol,  to  make  this  fuming.  If  the  latter  has  to  be 
done,  the  vapours  of  the  anhydride  are  allowed  to  enter  a  tower 
fitted  with  ridges  of  lead  jagged  out  at  the  bottom,  over  which  a 
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steady  shower  of  strong  vitriol  trickles  down ;  the  supply  of  the 
latter  is  so  regulated  that  the  acid  leaves  the  tower  in  the  fuming 
state^  and  can  be  at  once  filled  into  carboys.  Possibly  this  last 
operation  requires  the  combined  action  of  several  towers,  in  which 
case  they  are  best  placed  one  on  the  top  of  another,  so  that  the  acid 
can  run  from  one  to  the  other  and  become  gradually  saturated. 
Even  if  on  the  large  scale  the  union  of  SO,  and  O  should  not  take 
place  completely,  the  remainder  of  the  gaseous  mixture  can  be  in- 
troduced into  the  lead  chamber,  and  here  condensed  in  the  usual 
manner  by  itself. 

Winkler  adds  the  remark  that  the  mixture  of  SO,  and  O  may  be 
just  as  well  generated  by  strongly  heating  vitriol  stone  or  other 
anhydrous  sulphates  in  large  vessels,  such  as  the  retorts  employed  in 
zinc-making,  and  transformed,  by  means  of  platinized  asbestos,  into 
sulphuric  anhydride.  Then,  to  be  sure,  a  residue  would  have  to  be 
dealt  with ;  but,  on  the  other  hand,  the  drying  of  the  gas  would  be 
saved,  and  at  all  events  the  drawbacks  of  the  present  manufacture 
of  oleum  would  be  avoided.  [A  proposal  quite  similar  to  this  (cer- 
tainly the  least  essential)  part  of  Winkler^s  process,  was  made  by 
Prelier  in  1847  (see  p.  638).] 

Squire  and  Messel  have  taken  out  an  English  patent  for  a  process 
exactly  like  that  of  Winkler,  except  that  they  prescribe  the  use  of 
platinized  pumice  in  the  place  of  asbestos.  Their  patent  dates  from 
Sept.  18th,  1875,  and  was,  of  course,  only  published  six  months 
afterwards,  whilst  Winkler's  publication,  written  some  time  before 
and  based  upon  experiments  made  in  the  course  of  more  than 
twelve  months  previously  and  known  to  all  his  Freiberg  students, 
appeared  in  the  October  number  of  '  Dingler's  Journal '  of  the 
same  year. 

In  a  later  publication  (Dingl.  Joum.  ccxxiii.  p.  409)  Winkler 
mentions  that  Debray  ('  Les  Mondes,'  1876,  No.  8)  had  objected 
to  his  process  that  it  was  not  suited  to  the  manufacture  of  oleum 
on  the  large  scale,  on  account  of  the  great  difficulty  of  decomposing 
the  sulphuric  acid  at  a  high  temperature,  and  of  the  rapid  destruc- 
tion of  the  vessels.  Neither  metal  nor  earthenware  vessels  resisted 
the  sulphuric-acid  vapours  at  such  temperatures ;  and  even  platinum 
was  permeable  to  gases  at  such  a  heat,  and  would  be  much  damaged 
by  the  action  of  the  flame  and  the  impurities  of  the  sulphuric  acid. 
To  these  objections  Winkler  replies  that  he  had  decomposed  his 
sulphuric  acid  in  iron  tubes  without  any  difficulty^  and  that  even 
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M  \  *ttre  vessels  can  be  used^  if  the  sulphuric  acid  is  not  allowed 
,'   JT'-to  the  red-hot  retort  itself,  but  onto  a  porous  layer  of  alu- 
■^        '.'.fiBrric  oxide,  in  which  it  is  absorbed  in  order  to  be  at  once 
d  again.     Debray  himself  mentions  that  in  the  laboratory 
jcole  Normale  at  Paris  3  kilog.  of  sulpliuric  acid  per  hour 
KM)mposed  in  a  platinum  tube  of  120  centims.  length  and 
tims.  diameter,  without  mentioning  whether  this  was  filled 
/its  of  porcelain  or  bricks.     In  a  decomposing-vcsscl  of  the 
.'  a  gas-retort  at  least  five  times  as  much,  say  15  kilogs.  per 
could  be  decomposed — therefore,  in  a  furnace  with  five  retorts, 
logs,  per  hour,  or  1800  kilogs.  (  =  36cwt.)  daily,  which,  at  the 
.  of  75  per  cent,  of  anhydride,  would  amount  to  a  yield  of 
)  kilogs.  of  the  latter,  or,  by  dissolving  it  in  strong  vitriol,  of 
J  kilogs.  (=2^  tons)  oleum.    Four  such  furnaces  would  be  able 
over  the  whole  present  make  of  3000  tons  oleum  per  annum. 
nkler  also  considers  it  remarkable  that  De])ray  should  make  the 
Jte  objections ;  since  he  and  Deville  in  1861  had  recommended 
b  decomposition  of  sulphuric  acid  as  the  cheapest  source  of  oxy- 
•^1^ '  in,  and  several  others  had  followed  them ;  their  process,  as  is 
'ell  known,  was  exhibited  in  a  special  laboratory  at  the  Paris 
]lzhibition  of  1867,  but  certainly  was  discontinued  directly  after. 
^Winkler  complains  that,  if  Debray  had  found  his  own  rather  too 
Mxmfidently  made  statements  to  be  erroneous,  he  should  have  cor- 
^lected  them  himself.     [Such  things  do  happen  elsewhere  as  well !] 
l^     As  fiur  aa  can  be  learned  from  practice,  it  is  just  the  two  difficult 
^  ties  mentioned  by  Debray  which  militate  against  the  process,  espe- 
^  dally  the  decomposition  of  the  sulphuric  acid.     Still  several  fac- 
tories in  Oermany  and  one  in  England  already  work  according  to 
a  process  different  from  that  of  Winkler  in  but  few  essential  points ; 
and  even  pure  anhydride,  of  98  per  cent.  SO3,  is  sent  into  the  trade 
u     hy  several  firms.     This  beautifully  crystallized  product  is  packed 
V  in  tin  cans  of  a  little  more  than  1  cwt.,  and  sold  at  present  at  2s.  Qd. 
f    per  kilog.  of  pure  80$.     It  is  prepared  by  redistilling  manufactured 
-     pyroBulphuric  acid.    More  frequently  a  mass  containing  40  per  cent. 
\    anhydride  (that  is,  nearly  pure  pyrosutphuric  acid)  is  sent  out  in 
drams  of  2  cwt. ;  it  was  sold  in  April  1878  at  jC95  i)cr  ton ;  in  April 
1879  it  only  fetched  £65  per  ton, — both  calculated  as  pure  SO3. 

J.  Neale  (English  patent  of  March  14th,  1876)  heats  anhydrous 
•nlphates  or  bisulphates  of  iron,  zinc,  aluminium,  or  sodium  in 
earthenware  retorts  or  muffles,  and  conducts  the  mixture  of  suU 
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phurons  acid  and  oxygen  formed  by  their  decomposition  oier 
heated  spongy  platinum^  or  the  oxides  of  chromium^  iron^  or  copper, 
or  any  other  substance  which  may  cause  the  mixture  to  comUiie 
into  sulphuric  anhydride.  The  latter  is  then  condensed  by  itself  or 
utilized  for  fuming  oil  of  vitriol  by  receiving  it  into  ordinary  strong 
sulphuric  acid.  It  is  quite  possible  that  this  process  is  employed  I7 
some  of  the  manufacturers  who  bring  this  article  into  the  market 
now. 

According  to  a  recent  patent  by  Dr.  Messel  (Jan.  15th^  1878), 
brimstone  is  to  be  burnt  in  a  current  of  oxygen,  obtained  by  tte 
electrolysis  of  water  by  means  of  a  dynamo-electric  machine.  The 
SOg  formed,  with  the  excess  of  oxygen  required  for  forming  SOj, 
is  passed  into  a  gas-holder ;  and  from  this  the  gases  are  passed  at 
an  elevated  temperature  over  platinum  sponge^  platinized  asbestos, 
chromic,  ferric,  or  cupric  oxide,  &c.  The  SOs  formed  is  collected 
by  itself  or  absorbed  in  SO4H2.  By  employing  two  ^as-holden 
the  process  becomes  a  continuous  one.  The  electrolytic  hydrogen 
generated  at  the  same  time  is  employed  for  heatings  or^  after  being 
carburetted,  for  lighting.  [This  process  seems  to  be  far  too  ex- 
pensive to  be  of  any  practical  value.] 

The  greatest  diflSculty  in  Winkler's  process  for  manufacturing 
fuming  oil  of  vitriol  or  anhydride,  and  in  all  other  processes  started 
in  consequence  of  the  impetus  given  by  him,  is  the  material  of  the 
vessels  to  be  employed.  Wallace,  in  his  above-mentioned  patent^ 
proposes  to  employ  glazed  plumbago  retorts.  Most,  if  not  all, 
actually  working  factories  seem  to  employ  platinum  vessels,  which 
certainly  are  strongly  acted  upon,  asis shown  by  Scheurer-Kestner 
(see  above) .  The  extent  of  this  action  will  partly  depend  upon 
the  amount  of  arsenic  and  nitrous  compounds  contained  in  the 
sulphuric  acid  (comp.  Wagner's  '  Jahresbericht,'  1877,  p.  238), 
partly  also  upon  the  special  construction  of  the  apparatus. 
.  (So  far  the  apparatus  actually  employed  in  the  manufacture  of 
faming  oil  of  vitriol  or  anhydride  by  the  contact  process  has  been 
kept  strictly  secret  by  the  manufacturers ;  but  the  author  will  be 
able  to  describe  it  in  some  detail  in  the  appendix  at  the  end  of 
Vol.  II.,  where  also  a  new  method,  by  Professor  Winkler,  will  be 
describai,  of  which  he  has  at  present  only  private  knowledge,  and  by 
which  sulphuric  anhydride  can  be  made  on  an  industrial  scale  from 
burner-gases  containing  as  little  as  4  per  cent.  SO2. — April  1879.) 
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CHAPTER  XVIII. 

OTHER  PROCESSES  FOR  MAKUFACTURING 

SULPHURIC  ACID. 

All  the  other  processes  which  have  been  pitoposed  for  producing 
sulphuric  acid^  numerous  as  they  are^  can  be  dismissed  with  a  very 
few  words^  since  none  of  them  has  had  the  slightest  technical  suc- 
cess or  promises  to  become  successful  in  future*  The  details  can 
be  found  in  the  places  quoted. 

I.  Oxidation  of  Sulphurous  Acid  by  means  of  Nitrous  Acid,  but 
^  without  Lead  Chambers. 

{a)  Proposals  for  replacing  the  lead  chambers  by  chambers  made 
of  india-rubber^  gutta  percha^  slate^  '^  zeiodelite/'  glass,  &c.  have 
been  mentioned  on  p.  262. 

{b)  MacDougal  and  Rawson  (patent  of  Nov.  21st^  1848)  conduct 
sulphurous  acid  and  air  through  nitric  acid  contained  in  a  Woulfe's 
bottle,  in  which  sulphuric  acid  and  hyponitric  acid  are  generated ; 
the  latter,  with  the  air  in  excess,  passes  through  several  vessels  filled 
with  water,  in  which  the  nitric  acid  is  regenerated. 

(c)  Hunt  (patent  of  Aug.  I6th,  1853)  conveys  a  mixture  of  sul- 
phurous acid  and  air  through  a  tower  filled  with  pebbles,  in  which 
nitrous  vitriol  continuously  trickles  down.  This  principle  had 
already  been  proposed  by  Gay-Lussac ;  and  it  is  actually  carried 
out  in  the  Glover  towers,  so  far  as  it  is  practicable — that  is,  by 
conducting  the  escaping  gases  into  lead  chambers. 

(rf)  Persoz  ('  Technologiste/  xvii.  p.  461 ;  '  Dingler's  Journal/ 
cxxxix.  p.  427 ;  Wagner^s  '  Jahresbericht,'  1856,  p.  54)  passes  sul- 
phurous acid  through  nitric  acid  diluted  with  from  4  to  6  volumes 
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of  watcr^  and  heated  to  100°  C.^  or  through  a  mixture  of  nitric  add 
or  a  nitrate  with  muriatic  acid^  in  a  comparatiFcly  small  glaat  or 
stoneware  vessel,  promoting  contact  by  an  agitator.  The  gases  gene- 
rated by  the  reduction  of  the  nitric  acid  ascend  in  condensiiig-towen, 
where  they  are  regenerated  into  nitric  acid  by  an  ascending  ennent 
of  air  and  a  dcAcending  jet  of  water.  The  salpharoas  acid  might 
even  be  diluted  with  carbonic  acid,  nitrogen,  or  other  gases.  In 
theory  this  process  is  right  enough ;  in  practice  it  is  said  to  have 
failed  principally  from  the  difficulty  of  constructing  ressels  suitable 
for  resisting  the  acids  (?) . 

(e)  Verstraet's  tubular  apparatus  (^  Bulletin  de  la  Soci^te  dTEn- 
couragement/  1865,  p.  531 ;  'Dingler's  Journal,'  clxiix.  p.  SSI- 
Wagner's  '  Jahresbericht,'  1865,  p.  226)  has  been  mentioned  pre- 
viously. The  Jury  Report  of  1851  asserted  that  similar  stoneware 
vessels,  constructed  by  Fouche-Lepelletier,  were  at  work  at  Javet^ 
near  Paris,  and  that  in  that  factory  one  third  of  the  annual  make 
of  3600  tons  was  produced  in  them,  with  one  third  of  the  cabic 
contents  and  at  one  eighth  of  the  cost  of  lead  chambers.  This  asser- 
tion has  been  proved  to  be  entirely  erroneous  by  original  corre- 
spondence in  Hofmann's  '  Report  by  the  Juries,'  1862,  p.  8. 

(/)  Lanlani's  apparatus  (Bull.  Soc.  Chim.  viii.  p.  295 ;  Chem. 
News,  1868,  No.  4*41,  p.  238)  has  also  been  described  above;  it 
exemplifies  no  essentially  novel  principle. 

{g)  Kuhlmann  (English  patent,  Dec.  11, 1850)  proposed  to  force 
a  mixture  of  sulphuretted  hydrogen  (from  soda-waste)  and  air 
through  nitric  acid,  by  which  nearly  all  the  sulphur  was  said  to  be 
oxidized  to  sulphuric  acid. 

(A)  Petrie  (English  patent,  Aug.  11,  1860)  employs  a  system  of 
stoneware  pipes  filled  with  pebbles,  through  which  a  current  of 
nitric  acid  passes  from  one  side,  and  one  of  SO^  and  air  from  the 
other,  the  quantities  of  the  materials  and  the  construction  of  the 
apparatus  being  arranged  in  such  a  manner  as  to  avoid  any  loss  of 
nitric  acid. 

II.  Processes  dispensing  with  nitre. 

(i)  Gossage  (Patent  of  Oct.  6th,  1857)  bums  sulphuretted  hydro- 
gen from  soda- waste,  cools  the  products  of  combustion,  allows  them 
to  ascend  in  a  coke-tower  fed  with  water,  runs  the  solution  of  sul- 
phurous acid  thus  obtained  down  another  coke-tower  supplied 
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hot  air,  by  which  the  SO^  is  partly  changed  into  SO4H2,  and  conveys 
the  remaining  SO^  into  a  lead  chamber^  where  it  is  completely 
oxidized  in  the  usual  way.  According  to  Gossage^s  own  avowal 
(Hof  mann,  -Report,  p.  9)  this  process  is  not  practicable. 

(k)  Petrie  (Patent  of  Nov.  1st,  1852)  allows  a  mixture  of  sid- 
phurous  acid  and  water,  heated  to  300°,  to  meet  a  spray  "of  water 
in  pipes  of  earthenware  or  iron  filled  with  silica,  or  finely  divided 
platinum,  &c. 

(/)  The  observations  of  Doebereiner,  Phillips  and  Magnus^ 
Blondeau,  &c.  on  the  formation  of  sulphuric  acid  by  '^  catalytic 
action  "  have  been  mentioned  already  on  p.  640 — and  also  those  of 
Woehler  and  Mahla  (Ann.  Chem.  Pharin.  Ixxxi.  p.  255),  accord- 
ing to  which  a  mixture  of  SO,  and  O  is  converted  into  sulphuric 
acid  (anhydride)  not  only  by  platinum,  but  also  by  the  oxides  of 
copper,  iron,  or  chromium  at  a  low  red  heat.  They  expressed  a 
hope  that  this  reaction  would  become  practical.  A  large  number 
of  attempts  have  been  made  in  this  direction,  some  of  which  have 
been  mentioned  in  the  last  Chapter.  To  this  category  the  above- 
mentioned  proposals  of  Gossage  and  Petrie  are  in  part  to  be 
referred,  and  those  of  Schmersahl  and  Bouck  (patented  Jan.  24, 
1855)  and  of  Schneider  (see  preceding  Chapter).  All  the  proposals 
,  of  this  kind  have  remained  equally  sterile  with  the  other  new  pro- 
cesses enumerated  in  the  present  Chapter,  so  far  as  they  aimed  at 
supplanting  the  lead-chamber  process  by  a  new  one.  This  must 
not  be  confounded  with  Winkler's  successful  utilization  of  "  cata- 
lytic action '^  for  making  anhydride,  as  he  always  starts  from 
sulphuric  acid  made  in  the  ordinary  way  by  the  chamber- 
process. 

{m)  Hahner  (Patent  of  March  28,  1854)  employs  chlorine  in 
the  presence  of  aqueous  vapour  for  oxidizing  SO9.  The  same  pro- 
cess has  been  patented  by  Macfarlane  (Jan.  14,  1863) . 


in.  Sulphuric  Add  from  Sulphates. 

As  already  mentioned  on  p.  39,  the  neutral  sulphates  of  the 
alkalies,  the  alkaline  earths,  and  lead  are  as  good  as  unchangeable 
at  a  red  heat.  The  acid  (primary)  sulphates  of  the  alkalies  are 
first  changed  into  pyroeulphates  (2NaHS04=NajS^07+ H^O) ;  and 
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the  latter  afterwards  split  np  into  neutral  sulphates  and  snlphmie 
anhydride.  This  reaction,  for  obvious  reasons,  cannot  be  emplojei 
for  the  manufacture  of  sulphuric  acid  proper,  but  only  far  that  d 
fuming  acid,  under  which  head  it  has  been  spoken  of. 

Most  of  the  other  sulphates  are  no  better  adi^ted  for  the  mann- 
fJEurturc  of  sulphuric  acid.  Only  those  whose  metallic  radicals  are 
but  very  slightly  positive,  more  particularly  those  which,  aocofd- 
ing  to  the  assumptions  of  modem  chemistry,  represent  a  aexivaknt 
group  formed  by  an  internal  linking  together  of  two  qnadrivaknt 
atoms  (that  is,  especially  ferric  oxide  and,  though  less  so^  alumina), 
and  the  acid  sulphates  of  other  radicals,  yield  up  their  sulphuric 
acid  at  a  comparatively  low  temperature,  and  consequently  all  or 
the  greater  part  of  it  undecomposed ;  the  other  sulphates  split  up 
at  a  much  higher  temperature,  mostly  decomposing  into  metallic 
oxides,  sulphurous  acid,  and  oxygen,  yielding  only  a  small  portion 
of  their  sulphuric  acid  as  such  or  as  anhydride.  Even  if  it  were 
otherwise,  their  high  price  would  make  their  employment  for  the 
manufacture  of  sulphuric  acid  impossible ;  most  of  them  are  them- 
selves produced  by  means  of  ready-made  sulphuric  acid.  From 
even  the  cheapest  and  most  easily  decomposable  of  all  the  sul- 
phates in  qucfltion,  ferric  sulphate,  only  fuming  oil  of  vitriol  can 
be  made,  and  that  only  under  especially  favourable  circumstances, 
as  shown  above. 

There  only  remain  the  sulphates  occurring  in  some  abundance 
in  nature  as  such,  viz.  those  of  baryta  and  lime.  The  former  of 
these  has  hardly  ever  been  seriously  taken  up  for  this  purpose; 
but  the  sulphate  of  lime  (gypsum)  has  very  frequently  been  so. 

Sulphuric  Acid  from  Gypsum. 

The  enormous  quantities  of  sulphuric  acid  occurring  in  nature 
in  the  shape  of  gypsum,  and  nearly  worthless  in  this  form,  have 
occasioned  many  proposals  for  their  technical  utilization.  These, 
however,  have  never  met  with  any  success ;  and  least  of  all  can 
any  prospect  of  it  be  held  out  now-a-days,  since  such  abundance  of 
cupreous  pyrites  has  been  discovered,  with  which,  so  far  as  can  be 
seen,  no  other  material  can  compete  in  cheapness. 

(1)  Production  of  sulphurous  acid  from  gypsum. — ^Tilghman 
(English  patent,  Feb.  Ist,  1847)  passes  steam  over  red-hot  gyp- 
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Bom ;  CaO  is  said  to  remain  beUnd^  and  SO9,  0^  and  a  little  SO3 
to  escape. 

Cary-Mantrand  (Barreswil  and  Girard,  Dictionn.  de  Chim.  in- 
dustr.  i.  p.  37)  exposes  ignited  gypsum  to  a  current  of  dry  HCl 
(whence  does  he  get  this  ?) .  CaCl^  is  formed ;  and  SO^^  O^  and 
SO3  escape. 

O.  Siemens  (Dingl.  Journ.  clxix.  p.  207 ;  Wagner's  Jahresb. 
1863j  p.  208)  decomposes  a  fused  mixture  of  gypsum  and  common 
salt  by  steam.  There  remains  behind  basic  calcium  sulphide  with 
a  little  Na<jS,  Na<jSOg,  and  Na^S^Og ;  the  gases  given  off  are  SOg, 
HCl,  and  H<jS ;  the  latter  is  removed  by  conducting  CO9  and  steam 
at  the  same  time  into  the  melted  mass  (?).  This  process  is  the 
subject  of  strongly  adverse  criticism  by  Buff  (Wagner^s  Jahresb. 
1864,  p- 170),  who  shows  that  the  decomposition  observed  has  been 
produced  merely  by  the  red-hot  iron  which  forms  the  material  of 
the  apparatus. 

Kuenzi  (Wagner's  Jahresb.  1858,  p.  95)  fluxes  gypsum  with 
quartz,  sand,  clay,  &c.  to  an  easily  fusible  slag,  whilst  SO3  and  O 
escape. 

O.  Schott  (Dingl.  Journ.  ccxxi.  p.  442)  ignites  sodium  sulphate^ 
gypsum,  and  coal,  in  order  to  obtain  a  frit  for  glass-making ;  the 
SO2  is  to  be  conveyed  into  a  lead  chamber  along  with  the  other 
gas  and  converted  into  sulphuric  acid. 

Martin  (Bull.  Soc.  Chim.  xxi.  p.  47)  prescribes  making  an 
artificial  sulphide  by  smelting  1700  parts  of  gypsum,  1000  of 
ferric  oxide,  and  500  of  coal  in  a  blast-furnace ;  this  is  to  be 
burnt  like  natural  sulphides.  In  this  case  at  most  a  monosul- 
phide  of  iron  will  be  obtained ;  and  that  will  cost  more  than  the 
best  pyrites. 

(2)  Sulphuretted  hydrogen  from  gypsum. — Cary-Mantrand  (/.  c) 
decomposes  a  mixture  of  gypsum  and  coal  at  a  red-heat  by  HCl 
gas,  whereby  CaCl^,  CO,  H^S,  and  S  are  formed. 

Kohsel  (Wagner^s  Jaliresb.  1856,  p.  57)  decomposes  gypsum 
reduced  by  coal  (that  is,  CaS)  by  carbonic  acid,  burns  the  H^S 
given  off  to  SOj,  and  conveys  the  latter  into  lead  chambers. 

3.  Sulphuric  acid  direct  from  gypsum, — Von  Seckcndorff  (Wag- 
ner's Jahresb.  1855,  p.  54)  decomposes  gypsum  by  lead  chloride 
at  75°  C.  into  CaCl,  and  PbS04.  A  mixture  of  the  latter  salt 
(5  molecules)  with  muriatic  acid  of  33°  Tw.  (4  molecules)  at  75°  C. 
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almost  entirely  decomposes  into  PbCl^  (whicli  is  used  for  a  new 
operation)  and  sulphuric  acid  (which  is  decanted  and  concentrated^ 
the  distilling  HCl  being  condensed) . 

Shanks  has  patented  SeckendorfiTs  process  for  England  (Oct 
9th,  1854). 

Margueritte  (patent  of  Dec.  22^  1854)  decomposes  lead  phos- 
phate by  muriatic  acid;  hereby  PbCl,  and  phosphoric  acid  are 
formed ;  the  latter,  ignited  with  gypsum,  yields  calcium  phosphate 
and  sulphuric  anhydride.  The  calcium  phosphate  and  lead  chlo- 
ride, boiled  together,  regenerate  lead  phosphate,  along  with  CaCl^y 
which  is  worthless ;  so  that  the  muriatic  acid  is  always  lost. 

From  Lead  Sulphate, 

Keller  (Wagner's  Jahresb.  1859,  p.  138)  decomposes  lead  sul- 
phate, disintegrated  in  water,  by  H^S  into  PbS  and  sulphuric  acid ; 
by  calcining  the  PbS  it  is  reconverted  into  PbS04.  This  is,  pro- 
perly speaking,  a  proposal  for  utilizing  sulphuretted  hydrogen. 

IV.   Utilization  of  Sulphuretted  Hydrogen  for  manufacturing 

Sulphuric  Acid. 

To  this  category  belong  several  of  the  above-mentioned  pro- 
posals (Kuhlmann's,  Cary-Mantrand's,  KohsePs,  Keller's,  &c.). 
Cut,  apart  from  these,  nearly  all  proposals  for  making  soda  by 
sodium  sulphide,  and  several  others,  are  founded  upon  this. 
They  will  be  described  in  the  Chapter  on  that  subject,  as  they 
never  appear  as  independent  processes  for  manufacturing  sulphuric 
acid  ;  here  it  will  be  sufficient  to  mention  that  none  of  them  has 
accom])li8lied  its  purpose,  as  the  direct  combustion  of  sulphuretted 
hydrogen  yields  too  poor  a  gas. 

V.  Calcining  Pyrites  with  salt. 

Kcnyon  and  Swindells  (English  patent,  May  21st,  1872)  calcine 
the  chlorides  of  sodium  or  potassium  with  iron-  or  copper-pyrites, 
and  treat  the  gas  with  nitric  or  chromic  (!)  acid  in  high  towers,  in 
order  to  convert  the  sulphurous  into  sulphuric  acid ;  at  the  same 
time  chlorine  is  given  off.  Wagner  (Jahresb.  1874,  p.  272)  }>oints 
out  that  in  this  process  the  sulphuric  acid  must  remain  behind  in 
alkaline  sulphates. 
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VI.  By  Electricity. 

BeyDOso^  in  1875^  obtained  a  patent  for  causing  electric  sparks 
to  pass  through  a  compressed  and  cooled  mixture  of  sulphurous 
acid  and  atmospheric  air.  The  formation  of  SOj,  from  a  mixture 
of  2  vols,  SOg  and  1  vol.  O  by  the  electric  spark  was  first  observed 
in  1860,  by  H.  Buff  and  A.  W.  Ilofmann  (Ann.  Chem.  Pharm. 
cxiii.  p.  129) ;  Deville  (Bull.  Soc.  Chem.  [2]  iii.  p.  366)  has  ob- 
served  that  in  the  presence  of  strong  vitriol,  which  absorbs  the 
SOs,  the  whole  gaseous  mixture  can  be  united  to  form  SOg  in 
this  way. 
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CHAPTER  XIX. 


APPLICATIONS  OF  SULPHUEIC  ACID,  AND  STATISTICS. 

The  principal  applications  of  sulphuric  acid  are  the  following : — 

I.  In  a  more  or  less  diltUe  state  (say  from  144° Tw.  downwards). 
Above  all^  for  making  sulphate  of  soda  (saltcake)  and  muriatic 
acid^  and  therefore  ultimately  for  soda-ash^  bleaching-powder^  soap^ 
glass^  and  innumerable  other  products.  Further^  of  superphos- 
phates and  other  artificial  manures.  (According  to  an  estimate^ 
made  by  Dr.  R.  A.  Smith,  in  1876,  there  were  used  in  England 
160,000  tons  of  sulphur  for  alkali  and  100,000  tons  for  manures^ 
both  in  the  shape  of  pyrites.)  These  two  applications  probably 
consume  nine  tenths  of  all  the  sulphuric  acid  produced.  Further 
applications  are : — for  preparing  sulphurous,  nitric,  phosphoric, 
hydrofluoric,  boric,  carbonic,  chromic,  oxalic,  tartaric,  citric,  acetic, 
and  stearic  acids ;  in  preparing  phosphorus,  iodine,  bromine,  the 
sulphates  of  potassium,  ammonium,  barium  {blanc  fixe),  calcium 
(pearl  hardening) ;  especially  also  for  precipitating  baryta  or  lime 
as  sulphates  in  chemical  processes;  sulphates  of  magnesium,  alu- 
minium, iron,  zinc,  copper,  mercury  (as  intermediate  stage  for 
calomel  and  corrosive  sublimate) ;  in  the  metallurgy  of  copper, 
cobalt,  nickel,  platinum,  silver ;  for  cleaning  (pickling)  sheet  iron 
to  be  tinned  or  galvanized ;  for  cleaning  copper,  silver,  &c. ;  fcur 
manufacturing  potassium  bichromate ;  for  working  galvanic  cella, 
such  as  are  used  in  telegraphy,  in  electro-platings  &c. ;  for  9iaiLUt 
facturing  ordinary  ether  and  the  composite  ethers ;  for  m^uiac-t 
turing  garancine ;  for  making  or  purifying  manj  QTga^c  Qoloi;vringn 
matters,  especially  in  the  oxidizing  mixture  of  jpotassium  bichro- 
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mate  and  sulphuric  acid ;  for  parchment  paper ;  for  purifying  many 
mineral  oils^  and  sometimes  coal-gas;  for  manufacturing  starch, 
sirup,  and  sugar ;  for  the  saccharification  of  com ;  for  neutralizing 
the  alkaline  reaction  of  fermenting  liquors,  such  as  molasses ;  for 
effervescent  drinks ;  for  preparing  tallow  previously  to  melting  it ; 
for  recovering  the  fatty  acids  from  soap-suds ;  for  destroying  vege- 
table fibres  in  mixed  fabrics ;  generally,  in  dyeing,  calico-printing, 
tanning,  as  a  chemical  reagent  in  innumerable  cases ;  in  medicine, 
against  lead  poisoning,  and  in  many  other  cases. 

II.  In  a  concentrated  state  (as  commercial  170®  Tw.).  For 
manufacturing  the  fatty  acids  by  distillation  ;  purifying  colza  oil ; 
manufacturing  pyroxyline,  nitrobenzene,  picric  acid,  and  other 
nitro-compounds  or  nitric  ethers;  for  purifying  benzene,  petro- 
leum, paraffine  oil,  and  other  mineral  oils ;  for  making  oxygen  by 
the  method  of  Deville  and  Debray ;  for  drying  air,  especially  for 
laboratory  purposes,  but  also  for  drying  chlorine  in  Deacon's  pro- 
cess (for  this,  weaker  acid  also,  of  140°  Tw.,  can  be  used) ;  univer- 
sally, as  a  means  for  attracting  water. 

III.  In  the  most  concentrated  state  (as  real  17(f  Tw.).  For 
refining  gold  and  silver,  desilvering  copper,  &c. ;  for  making 
organo-sulphonic  acids ;  dissolving  indigo ;  preparing  many  nitro- 
compounds and  nitric  ethers,  especially  in  manufacturing  nitro- 
glycerine. 

lY .  As  fuming  oil  of  vitriol.  For  dissolving  indigo ;  for  manu- 
facturing certain  organo-sulphonic  acids  (in  the  manufacture  of 
alizarine,  cosine,  &c.) ;  for  purifying  ozokerite ;  for  making  shoe- 
blacking. 

According  to  Post  (Grundr.  d.  chem.  Technol.  p.  291),  the  total 
make  of  sulphuric  acid  in  1875  amounted  to  882,500  tons  (calcu- 
lated as  170^  Tw.) ;  of  this.  Great  Britain  supplied  f ,  France  about 
^,  Germany  J,  Austro-Hungary  j'^,  Belgium  y*^.  (North  America, 
not  mentioned  here,  produces  a  somewhat  considerable  quantity  of 
vitriol.)  This  agrees  very  nearly  with  Lamy's  estimate  for  the 
same  year. 

According  to  Roscoe  and   Schorlemmer   (Lehrb.  d.  Chemie, 

2u 
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1877,  i.  p.  216),  the  make  in  Great  Britain  alone  amounted  to 
upwards  of  16,000  tons  per  week  (including  all  the  acid  used  for 
alkali  &c.). 

The  production  of  sulphuric  acid  in  France  amounted  in  1867  to 
1K),000  tons,  in  1877  to  150,000  tons  (Official  Exhibition  Report] . 

Prussia  in  1874  (Wagner's  Jahresbericht,  1876,  p.  329)  pi-o- 
fluced  4175G  tons  of ''  metallurgical  sulphuric  acid  "  (including  all 
made  from  pyrites,  not  from  brimstone)  ;  the  total  production  of 
JVussia  in  1876  (Zeitsch.  f.  d.  Chem.  Grossgew.  i.  p.  70)  amounted 
to  69,985  tons  acid  of  170°  Tw.,  in  19  factories,  with  836  men,  at 
the  value  of  j£27 1,860.  One  tenth  of  the  raw  material  consisted 
of  metallurgical  intermediate  products.  (This  is  only  the  acid 
made  for  sale,  and  exclusive  of  that  used  up  at  the  same  works  for 
alkali,  manure,  &c.) 
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ORNITHOIXKHCAL  SYNONYMS.      Bv  the  late  Hugh  Edwin 

Btkicklaxi).  M.A..  F.R.8.,  Bus.  Edited  br  sln.  Hugh  Edwix  8TRiCKi^2n> 
and  Sir  William  Jaki^ine,  Bart,  FJLS.E.  fcc.  8to.  VoL  I.,  oont.uning  the 
Order  Accipitukh,  12s.  6d. 

MONTAGU'S  DICTIONARY  OF  BRITISH  BIRDS.    Edited  by 

£i>WAKX>  Nkwmax,  F.L.S.,  F.Z.S..  &c.    »jo,  12*. 

THE   BIRDS   OF   EGY1>T.      Bv  G.   Ernest  Shelley,    F.Z.S., 

F.R.G.H..  kc,  late  Captain  Orena^er  Guards.  Royal  Bro,  with  14  Coloured 
Plates,  i;l  lU.  (M. 

THE  BIRDS  OF  NORFOLK.     Bv  Henry  Stevensox,  F.L.S. 

Vols.  L  &  II..  8to,  each  10«.  6d.;  VoL  ill.  will  complete  the  Work. 

ORNITHOLOGICAL  RAMBLES  IN  SUSSEX,  with  a  Catalogue 

of  the  Birds  of  that  Coontr,  and  Remarks  on  their  Local  Distribution.  Bj 
A.  £.  Ka(OX«  M.A.,  F.L.S.,  F.Z.8.    Third  Edition,  poat  9vo,  7«.  M. 

THE  BIRDS  OF  MIDDLESEX.     A  contribution  to  the  Natural 

Uistory  of  the  Coantj.    By  J.  E.  Habtiko,  FX.8.,  F.Z.S.    Post  8ro,  7s.  6d. 

THE   BIRDS    OF    TIH:    HUMBER    DISTRICT.      By    John 

CuBDEAUX,  of  Great  Cotes^  Uloeby.    PiMt  8to,  6s. 

NOTES  ON  THE   IHRDS  OF  DAMARA   LAND   AND   THE 

ADJACENT  COUNTRIES  OF  SOUTH-WEST  AFRICA.  By  the  Ute 
CUAKLES  Joif x  AXDEROBOH.  Arranged  and  edited  by  Jozuf  Hexbt  Oubnkt  ; 
with  Additional  Notes  by  the  Editor.   8to,  10s.  6A 

THE    BIRDS    OF    SOMERSETSHIRE.     By  Cecil  Smith,   of 

Lydeard  Hoose,  near  Taunton.    Poat  8yOt  Is.  6d. 

THE  BIRDS  OF  JAMAICA.      By  P.  H.  Gossb,  F.R.S.      Post 

8yo,  10s. 

GEOGRAPHICAL    AND    COMPARATIVE    LIST    OF    THE 

BIRDS  OF  EUROPE  AND  NORTH  AMERICA.  By  Cuables  Llciex 
BoNAPABTK,  Prince  of  Musignano.    8to,  bs. 

A  DESCRIPTIVE  CATALOGUE  OF  THE  RAPTORIAL  BIRDS 

IN  THE  NORFOLK  AND  NORWICH  MUSEUM.  By  Joux  H£nst 
GuBirxr.    Part  1,  imperial  8vo,  6s. 

FALCONER'S  FAVOURITES.     By  W.  Brodrick.    A  series  of 

Life-siied  Coloured  Portraits  of  all  the  British  tpecies  of  Falcons  at  present 
used  in  Falconry.    Large  folio,  cloth,  £3  is, 

FALCONRY  IN  THE  BRITISH  ISLES.     By  Messrs.  Salvia 

and  Bbodbick.  Second  Edition,  with  New  Plates  and  Additions.  Imperial 
8to,£2  2«. 

JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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FALCONRY  IN  THE  VALLEY  OF  THE  INDUS.     Bj  R.  F. 

BUBTOK.    Post  8to,  with  4  IllaitrationB,  69. 

OOTHECA  WOLLEYANA :  an  Illustrated  Catalogue  of  the  Col- 
lection of  Birds'  Eggs  formed  by  the  late  Jomr  Wolley,  Jan.,  M.A.,  F.Z.S. 
Edited  from  the  original  Notes  bj  Alfred  Newtok,  M.A.,  F.L.S.,  8k.  Part  1, 
AcciPiTBES.    Boyal  8to,  £i  11*.  6d. 

SYSTEMATIC   CATALOGUE  OF  THE  EGGS  OF  BRITISH 

BIBDS,  arranged  with  a  riew  to  sapersede  the  use  of  Labels  for  Eggs.  Bj  the 
Bev.  S.  C.  Maulk,  M.A.,  M.A.S.    On  writing-paper,  8to,  8«.  6d. 

THE  ORNITHOLOGY  OF  SHAKESPEARE,  CriticaUy  Exa- 
mined, Explained,  and  Illustrated.  Br  J.  E.  Hajbiuto,  F.L.S.,  F.Z.S.  8to. 
12*.  6d. 

MEMOIRS  ON  THE  EXTINCT  WINGLESS  BIRDS  OF  NEW 

ZEALAND.  With  an  Appendix  on  those  of  England,  Australia,  Newfoundland, 
Mauritius,  and  Rodriguez.  B7  Bichard  Owen,  C.B.,  FJS.S.,  (ko.  2  Vols. 
(YoL  L  text,  Vol.  II.  plates),  royal  4to,  boards,  £6  6s. 

THE  DODO  AND  ITS  KINDRED ;  or,  the  History,  Affinities,  and 

Osteology  of  the  Dodo,  Solitaire,  and  other  Extinct  Birds  <i  the  Islands  Mau- 
ritius, Bodriguez. and  Bourbon.  Bj  H.  £.  Btbicklaicd,  M.A.,  F.G.8.,  F.B.G-.S., 
and  B.  G.  Melyillb,  M.D.Edin.,  M.B.C.8.  Bojal  4to«  with  18  JPlates  and 
other  Ulostration^  £1  Is. 

HINTS  ON  SHORE-SHOOTING,  including  a  Chapter  on  Skinning 

and  Preserring  Birds.    By  J.  E.  Habtuco,  F.L.S.,  F.Z.B.    Post  8to,  2*.  6d. 

A  LIST  OF  BRITISH  BIRDS.     The  Genera  arranged  according 

to  Bandevall's  Method.  The  Nomenclature  revised  by  Hembt  Thobktox 
Wharton,  M.A.,  M.B.C.8.,  &o.    Post  Svo,  sewed,  6d. 

THE  IBIS,  a  Quarterly  Journal  of  Ornithology.    Edited  by  Osbbat 

Balyik,  M.A.,  F.B.B.,  fte..  and  Phiup  Lutlet  Bclatkb,  M.A.,  F.B.S.,  &e. 
Annual  Prepaid  Subscription,  £1  Is.    Bingle  K'umbem,  6§.  each. 

BULLETIN  OF  THE  NUTTALL  ORNITHOLOGICAL  CLUB 

(Cambridge,  Mass.  U.B.).  A  Quarterly  Journal  of  Ornithology.  Edited  by 
J.  A.  ALLKir,  B.  F.  Baibd,  and  Elliott  Coukb.  Prepaid  BiSscription,  12s. 
per  annum. 

REPTILES. 

HISTORY  OF  BRITISH  REPTILES.    By  Thomas  Bell,  F.R.S., 

President  of  the  Linnean  Society,  V.P.Z.S.,  fte.,  Profesw>r  of  Zoology  in  King*! 
College,  London.    Beoond  Edition,  with  60  Illustrations,  12». 

THE   REPTILES    OF   EUROPE.    By  Lord  Clebmont.      Se§ 

pag«  1,  MammaU, 
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FISHES. 
YARRELL'S  HISTORY  OF  BRITISH  FISHES.    Third  Edition, 

with  Fi|(nres  and  DeseriptionB  of  the  additional  8peciet  bj  Sir  JoHX  Richardsoit, 
C.B.,  and  with  a  Portrait  and  Memoir.  2  Vols.  8to,  ftTJ  Illuniratioiia,  £3  3e. — 
The  First  and  Second  Supplements,  containing  the  additional  8i>ecies.  with  th« 
Portrait  and  Memoir,  are  sold  separatelr,  for  the  oonTenienoe  of  purchasers  of 
the  earlier  Editions.    First  Supplement,  hrot  7«.  6d. ;  Second  Supplexnent,  8to,  5». 

GROWTH    OF    THE    SALMON    IN    FRESH    WATER.       By 

William  Yarrkll,  F.H.S.  kc.  With  Six  Coloured  Illustrationii  of  the  Fish 
of  the  natural  size,  exhibiting;  its  ntructure  and  exact  appearance  at  rarioas 
stages  during  the  first  two  years.    12«.,  sewed. 

THE  FISHES  OF  ZANZIBAR.    By  Lieut.-Colonel  R.  Lambkht 

Playfair,  Her  Migesty's  Political  Agent  and  Consul  at  Zanzibar,  and  Als£jit 
C.  L.  O.  GuNTiiKR,  M.A.,  Ph.D..  M.D.  With  21  Platen  (16  uf  them  ColoaredX 
containing  67  Figures  of  the  Fishes.    Rojal  4to,  doth,  £3  3s. 

PRODUCTION  AND  MANAGEMENT  OF  FISH   IN   FRESH 

WATERS,  bj  Artifloial  Spawning,  Breeding,  and  Bearing.  Bj  Oottlikb 
BocciUB.    8to.  6t. 

HERALDRY  OF  FISH.    Bv  Thomas  Moule.    Nearly  600  families 

are  noticed  in  this  work,  and  besides  the  several  descriptions  of  flub,  flahiiig> 
nets,  and  boats,  are  included  also  mermaids,  tritons,  and  sheU-fl&h.  l^eviT 
70  ancient  seals  are  described,  and  upwards  of  20  subje<>ts  in  stained  glass.  The 
engravings.  206  in  numlxT,  are  from  stained  glass,  tombs,  sonhitnre  and  oaKrriiub 
medals  and  coins,  rolls  of  arms,  and  pedigrees.  8to,  21«.  ;  a  few  on  larce  paoer 
(royal  8vo)  for  colouring,  £2  2*.  "*    *^*^ 

AN  ANGLER'S  RAMBLES.    By  Edward  Jbssk,  F.L.S.,  Author 

of  '  Gleanings  in  Natural  Historr.'  Contents :— Thames  Fishing — Trolliiur  in 
StaiTordshire— Perch  Fishing  Club— Two  Days*  Fly-flshing  on  the  Test— Luck- 
foed  Fishing  Club— Grayling  Fishing— A  Visit  to  Oxford — ^The  Coontrr  Cleivr* 
man.    Post  8to,  10s.  W.  "" 

FLY-FISHING  IN  SALT  ANT)  FRESH  WATER      With  6 

Coloured  Plates,  representing  Artificial  Flies,  fro.    8to,  7«.  6d. 

MOLLUSCA. 
lUSTORY  OF  BRITISH  MOLLUSCA  AND  THEIR  SHELLa 

By  Professor  Edward  Forusb,  F.R.8.  &c.,  and  Btlvaxus  Haklkt,  B.A., 
F.L.S.  Illustrated  by  a  figure  of  each  known  Animal  and  of  all  the  Shells! 
engraved  on  203  copper-plMes.  4  Vols.  8?o,  £6  10s. ;  royal  8to,  with  Uie  PIaImb 
Coloured.  £13.  ^^ 

BRITISH  CONCHOLOGY ;  or,  an  Account  of  the  MoUusca  which 

now  inhabit  the  British  Isles  and  the  surrounding  Seas;  with  particulars  of  their 
habits  and  distribution.    By  J.  GwYN  Jeffrxts,  F.R.8..  F.G.8.  Vols.  I.  to  IV 
post  8to,  12s.  each.    Vol.  V.,  containing  Coloured  Figures  of  all  the  Bi>#«9m! 
£2  17#..  or  PUin.  £1 12#.  i"^*^ 

JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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GENERA  OF  RECENT  MOLLUSCA,  arranged  according  to  their 

Orfprnisatioii.  By  ELbkry  and  Abtbtus  Adams.  GAiis  work  oontaiiu  a  deecrip- 
tion,  and  a  flfore,  encraved  on  iteelf  of  each  genus,  and  an  enumeration  of  all 
the  species.    3  Vols.  8to,  £4  10*. ;  or  royal  8to«  with  the  Plates  Coloured,  £9. 

THESAURUS  OONCHYLIORUM,  or  Figures  and  Descriptions  of 

Beoent  Shells.  Edited  and  Ulostrated  by  G.  B.  SowEBBT,  F.L.B.  Parts  1  to  89, 
imperial  8to,  £1  bt.  each. 


SYNOPSIS   OF   THE    MOLLUSCA   OF    GREAT    BRITAIN. 

Arranged  aooordixur  to  their  Natural  Aflinities  and  Anatomical  Structure.    By 
W.  A.  Leach,  M.D..  F.B.S.,  &o.  &o.    Post  8to,  with  13  Plates,  li». 


A  HISTORY  OF  THE  OYSTER  AND   THE  OYSTER  FISH- 
ERIES.   By  T.  C.  Eyton,  F.L.B.,  F.Z.S.,  &o.    8tq,  with  6  Plates,  5«. 


RAMBLES  IN  SEARCH  OF  SHELLS,  LAND  AND  FRESH- 

WATEB.    Bv  James  Edmund  H 
with  Coloured  Illustrations,  7«.  0<2. 


WATEB.    By  James  Edmund  HABTiira,  F.L.S.,  F.Z.B.,  ftc.    Post  8to,  doth, 
ured. 


HISTORY  OF  THE  BRITISH  MARINE  TESTACEOUS  MOI/- 

LUSCA.    By  WIIJ.IAM  Clabk.    8yo,  15«. 

MALACOLOGIA  MONENSIS.    A  Catalogue  of  the  MoUusca  in- 

habiting  the  Isle  of  l£an  and  the  neighbouring  Sea.  By  Edwasd  FoBBXfl. 
Post  8yo,  3«. :  Edinburgh,  1838. 

INTRODUCTION    TO    CONCHOLOGY;    or,   Elements   of  the 

Natural  History  of  Molluscous  Animals.  By  GxoROX  Johnston,  M.D., 
LL.D.,  F.B.C.8.E.,  Author  of  '  A  History  of  the  British  Zoophytes.'  8to,  103 
Illustrations,  21«. 

CRUSTACEA,  ZOOPHYTES,  ftc, 
HISTORY  OF  BRITISH  STALK-EYED  CRUSTACEA  (Lob- 

sters.  Crabs,  Prawns,  Shrimps,  fte.).  By  Thomas  Bell,  President  of  the 
Linnean  Society.  F.G.S.,  F.Z.8.,  Professor  of  SSoology  in  King's  College, 
London.  The  Tolume  is  illustrated  by  174  EngraTings  of  Speoies  and  Tail- 
pieces.    8to,  £1  b». 

HISTORY  OF  BRITISH  SESSILE-EYED  CRUSTACEA  (Sand- 

hoppers  ftc.).  By  C.  Bpknce  Bats,  FJLS.,  and  J.  O.  Wbstwood,  F.L.B.  he, 
TVith  Figures  of  all  the  Species  ana  numerous  Tail-pieces.  Uniform  with  the 
Stalk-eyed  Crustacea  by  Profieesor  Bxll.    2  Vols.  8to,  £3. 

A   HISTORY   OF  THE  BRITISH  HYDROID  ZOOPHYTES. 

By  Thomas  Hikcks,  B.A.  3  Vols.  8to,  cloth,  with  67  Plates,  £3  2§,i  larg* 
p^(>er,  royal  8to,  £4  i». 

HISTORY    OF   THE   BRITISH   ZOOPHYTES.     By   Geohgb 

Johnstok,  M  J).,  LL.D.  Second  Edition,  in  2  Vols.  8to,  with  an  lUustration  of 
CTery  Species.    £2  2*.;  or  on  large  paper,  royal  8to,  £4  ii. 

JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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HISTORY  OF  BRITISH  STARFISHES,  AND  OTHER   ANI- 

HALS  OF  THE  CLA»S  ECHINODERMATA.  Bj  Edwabd  Fobbbi, 
M.W.R^  ProfrMor  of  BoUnj  ia  King's  Collffe,  London.  Svo^  with  mora  Uiab 
lao  Illnatntiona,  Ifi*. 

A   HISTORY   OF   THE   BRITISH   SEA -ANEMONES    AND 

MADREPORER.  With  Coloured  Figorea  of  aU  the  Spedea.  Bj  Philip 
Uexby  O088E,  F.RJ3.    8to,  £1  U. 

A  MANUAL  OF  THE  SEA-AN^IONES  COMMONS Y  FOUND 

ox  TKK  EXOLIBH  COAST.  By  the  Bct.  O.  Tuowxll.  Post  8to,  Colonred 
PUU'tp  7«.  6d. 

THE  NORTH-ATLANTIC  SEA-BED ;  comprising  a  Diaiy  of  the 

Vorafrc  on  board  If  .Mi). '  Bulldog '  in  1860,  and  Obe^rrations  on  the  Preaence 
of  'Animal  Life  and  the  Formation  and  Nature  <^  Organic  Depoaita  at  great 
devth*  in  the  Ocean.  Ijr  O.  C.  Wallicii,  M.D..  FX.S.,  F.O.S.  Publiahed 
with  the  aanction  of  the  Lords  Commissioners  of  the  Admiraltr.  4to,  Part  1, 
with  Map  and  6  Plates,  15«. 

DEEP-SEA  RESEARCHES  ON  THE  BIOLOGY  OF  GLOBI- 

OEKINA.  By  O.  C.  Wai.licit.  M.D..  Purgeon-M^jor  (retired  liat)  H.lf. 
Indian  Army.    8to,  sewed*  with  a  2-page  Plate,  2§.  6d. 


MAEIKE  zooLoay. 

MANUAL  OF  MARINE  ZOOLOGY  OF  THE  BRITISH  ISLES. 

By  P.  H.  GoflSB,  F.R.B.    Parts  1  &  2»  fop.  Sto,  7«.  6d.  each. 

THE  AQUARIAN  NATURALIST :  a  Manual  for  the  Seaside.    By 

Professor  T.  Btxeb  JexKS,  F.R.B.    Poat  8to,  with  8  Coloured  Plates,  18*. 

THE  SEASIDE  BOOK :  an  IntToduction  to  the  Natural  ITistoiT  of 

the  Britiah  Coaatx.  By  W.  H.  Habtet,  K.D.,  M.B.I. A.,  Ac.  With  a  Chapter 
on  Fish  and  Fish  Diet,  by  Yarbkll.  Fourth  Edition.  Fq;>.  8to.  with  83 
Woodcut  Illuatrationa,  5s. 

THE  AQUARIUM :  an  Unveiling  of  the  Wonders  of  the  Deep  Sea. 

By  P.  H.  O0B8E,  F.B.8.    Poat  8to,  Second  Edition  (without  the  Platea),  7«.  6A 

ON    THE    PRINCIPLES    AND   MANAGEMENT    OF    THE 

MARINE  AQUARIUM.  By  WILLIAM  B.  HuGHSS,  F.L.8.  fto.  Demy  Sto. 
oloth,  lUuatrated,  it.Qd.  '       ^ 

HANT)BOOK  OF  THE  MARINE:  AQUARIUM;  containing  Prac- 

tioal  Inatructiona.    By  P.  H.  O068B,  F.B.B.    Fop.  8to,  Second  Edition,  2t.  6d. 

TENBY :  A  SEASIDE  HOLIDAY.     By  P.  H.  Gosse,  F.R.S, 

Poat  Bro,  with  94  Coloured  Platea,  SU 


JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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ENT0M0L0O7. 

EXOTIC  BUTTERFLIES:   beinif  Illustrations  of  New  Species; 

with  Coloured  Drawings  and  Descriptions.  By  WiLLlAM  0.  HswiTSOir.  In 
6  Vols.,  demy  4to,  price  iK2tf  6«.,  half-ooond  moroooo. 

ILLUSTRATIONS  OF   DIURNAL  LEPIDOPTERA:  LYCiE- 

NID^.  By  William  C.  Hewitson.  Demj  4to.  Parts  1,  S,  3,  0,  &  7,  £1 6«. 
each ;  Parts  4  and  8,  £1 10«.  each ;  Part  6, 10*.    The  work  is  now  complete. 

A   MANUAL   OF   BRITISH  BUTTERFLIES  AND   MOTHS. 

By  H.  T.  BTAiiTTOir.  With  manr  Woodcuts;  12mo.  Vol.  I.,  comprisinf  the 
Butterflies  uid  stout-bodied  M otns,  i»,  U.  Vol.  II.,  the  slender-bodied  and 
■mall  Moths,  b»»  M. 

THE  NATURAL  HISTORY  OF  THE  TINEINA.     By  H.  T. 

Stainton.  assisted  by  Professor  Zsller,  J.  W.  DOUGLAB,  and  Proteaor 
F&BT.    Vols.  I.  to  XIII.,  with  Coloured  Plates,  12».  (M.  each. 

By  the  same  Author : — 

THE  TINEINA  OF  SOUTHERN  EUROPE.    8vo,  10$. 
THE  TINEINA  OF  SYRIA  AND  ASIA  MINOR.    8vo,  4#. 
THE  TINEINA  OF  NORTH  AMERICA.     By  (the  kte)  Dr. 

BRACKKintlDGX  CLEMENS.  Being  a  collectiTe  edition  of  his  writinn  on  that 
group  of  insects.  With  Notes  by  the  Editor,  H.  T.  STAurTOir,  F.B.8.,  SeaL.6. 
8TO,  \29.  64. 

THE  BRITISH  TORTRICES.    Bj  S.  J.  Wilkinson.    8vo,  with 

4  plates,  £1  6#. 

AUSTRALIAN  LEPIDOPTERA,  WITH  THEIR  TRANSFOR- 
MATIONS.   By  A.  W.  Scott,  M.A.    Folio.    Parts  1  to  8,  ai«.  each. 

THE   LEPIDOPTERIST'S    GUIDE:   for  the  use  of  the  yotmg 

Collector.  Br  H.  Guard  Kkagos,  MJ>.,  FX.S.  Third  Thousand,  with 
numerous  woodcuts.    Poet  8to,  sewed.  Is. 

PRACTICAL  HINTS  RESPECTING  MOTHS  AND  BUTTER- 

FLIES,  with  notices  of  their  Localities ;  forming  a  Calendar  of  Entomologicml 
Operations  throug^hout  the  year,  in  pursuit  or  Lepidoptera.  By  BlCHAJKD 
Shield.    12mo,  stiff-paper  wrapper,  3«. 

A  SYNONYMIC  CATALOGUE  OF  DIURNAL  LEPIDOPTERA. 

Br  W.  F.  KiBBT.  Containing  the  ftdl  Synonymy  of  erery  Species,  and  an 
Alphabetical  Index  of  about  10,000  references.  8to,  sewed,  £1  !«.— Also 
A  SUPPLEHSNT:  bringing  down  tha  Bibliography  to  June  1877.  8to, 
sewed,  8«.  M, 

JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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AN  ACCENTUATED  LIST  OF  TIIE  BRITISH  LEPIDOPTERA, 

with  Hint*  on  xhfr  D^rmcum  of  the  Xamc*.    Prefared  bj  the 
6odHi««  of  Oxford  aad  Cambndlfe.    £to>,  5«. 


Thb  List  wxthout  the  Deritations.    8to,  sewed,  3<f. 
THE  CABIXET  LIST  OF  THE  LEPIDOPTERA  OF  GREAT 

BRITAI5  AXD  IRELAND.     Br  H.  GrxBX>  Esaggb.  M.D.    Tlie 
htsinn  elabonled  by  H.  T.  STAUrroy.  F.B.S^  F.L&,  ftc    ero.  arwcd,  U.  6^ 


LLST  OF  imiTISri  LEPIDOPTERA  FOR  LABELLING  CAJBI- 

HEJri,  amaf «d  m  in  Suintoa'a  *  MaboaI  of  BotteriUet  aod  MoClu.'    Sewed,  U. 

INSErrrA  MADERENSIA  :  beinjr  an  account  of  the  losects  of  the 

InUndt  of  th<>  Mai1«'irmii  Groop.  Bt  T.  TeucuX  WolX-abtox,  M.A.,  P  r,q 
Wjth  C<floar«:d  PUU^    Bojal  4to,  £2  2«. 

Bj  th«*  mok;  Author: — 

COLPXjITEHA  ATLANTIDUM  :   being  an  enumeration  of  the 

ColeopicTOtu  Insects  (^  the  MAdeina,  SalrafM,  and  Csiuriea.    Bro,  £1  I*. 

COLErilTERA   HESPERIDUM:  beinflr  an  enumeration  of  the 

Col«0[ft«roiu  IntMis  of  the  Cape- Verde  Arcfaip^ago.    8to,  lOt.  6d. 

COLEOPTERA  SANCTiE-IIELEN-E.    8to,  with  a  Plate,  9f. 
A  MONOORAPinC   REVISION   AND   SYNOPSIS    OF   THE 

TRICHOPTEBA  OF  THE  EUROPEAN  FAUNA.  By  Robert  McLacht^x 
F.L.H.  kc.  Kojal  tiro.  Part  1.  ««.;  Part  2,  f)«. ;  Part  3,  As.  M. ;  Part  4,  U.  ed  • 
Part  A,  8«. ;  Part  9,  U.  6d. ;  Part  7, 8«.  6tf.   Illiutrated  with  Plates  hj  the  Aathor. 

INSTRUCTIONS  TOR  THE  COLLECTION  AND  PRF^ERVA- 

TlOy  OF  NEUROPTEROUS  IK8ECTB.  By  Robebt  KcLACHX.A2r,  F.L.8. 
bTo,  Bifwed,  \m, 

THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  BLOW-FLY 

( Mwea  vomitoria^  Linn.).  A  Monograph,  by  B.  T.  Lowxrs,  M.B.C.8.  'F»«f 
lUustEated  with  10  Plates.    8to,  12*  0d.  *' 

ELF^n^:NTS    OF   ENTOMOLOGY :    an  OutUne  of  the   Natural 

Ilifitory  and  Claasiflcation  of  British  Insects.    By  Wm.  B.  "DilLUlb,  F.I..8.    Post 

8to,  8«.  M. 

THE  WORLD  OF  INSECTS ;  a  guide  to  its  wonders.    By  J.  W. 
Douglas.    12mo,  sewed,  U.  6d. 

THE  INSECT  HUNTERS,  and  other  Poems.    By  Edwakd  Nbw- 

MAK,  F.L.B.  ftc.    Second  Edition.    Fq;>.  8to»  doth,  2$,  td. 

FARM  INSECTS  :  being  the  Natural  Hietoir  and  Economy  of  the 

Insects  Injurious  to  the  Field  Crops  of  Oreat  Britain  and  Ireland,  and  also  those 
which  inft^t  Bams  and  Granaries,  with  suggestions  for  their  destruction.  Br 
John  Cuktib,  FX.6.  Illu«trated  with  numerous  engrarings.  A  Beoond  Edition 
in  preparation. 
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ON  THE  VARIATION  OF  SPECIES,  with  especial  reference  to 

the  Inaecta :  followed  by  an  inquinr  into  the  nature  of  GFenera.    By  T.  Yebiton 
WOLLASTON,  M.A.,  F.L.8.    Port  8vo,  8». 

ON  A  TRUE  PARTHENOGENESIS  IN  MOTHS  AND  BEES : 

a  contribution  to  the  Historr  of  Reproduction  in  Animals.    By  Cabl  T.  B.  VON 
SlbboiJ).    Translated  by  w.  8.  Dai.lA8,  F.L.8.  &o.    8to,  oloth»  fit. 

INSECTA  SAUNDERSIANA,  or  characters  of  undescribed  Insects 

in  the  Collection  of  W.  W1LS027  Saundebs,  Esq.,  F.R.8.  &o.     Sro,  illnatrated. 
Parts  1  to  8,  Zt.  each ;  Part  9, 1«.  ^. 

THE  ENTOMOLOGISTS'  ANNUAL,  1865  to  1874.     Edited  by 

H.  T.  STAnrroN,  F.B.8.    Comprising  Notices  of  the  New  British  Insects  de- 
tected in  each  year,  with  other  original  papers.     Fcp.  Sto*  sewed*  2$.  6d.  each. 

THE  ENTOMOLOGISTS'  MONTHLY  MAGAZINE:  conducted 

by  J.  W.  DououLB,  B.  McLachlav,  F.L.S.,  £.  C.  Bye,  F.Z.8.,  and  H.  T. 
Stahttox,  F.B.S.    On  the  first  of  every  month,  price  M. 
The  14th  Volume  was  completed  in  May  1878.    8to,  oloth,  7«. 


BOTANY. 
MANUAL   OF  BRITISH    BOTANY,    containing  the  Flowering 

Plants  and  Ferns,  arranged  aooordinff  to  the  Natural  Orders.  Bj  Professor 
Charlbs  Cardalb  BABiireToir,  M.A.»  F.B.S.,  &o.  Serenth  Edition,  rerised 
throughout.  12mo,  cloth,  10*.  M. ;  thin-paper  copies,  in  limp  leather  binding 
(for  the  pocket),  12«. 

BRITISH  WILD  FLOWERS.    Illustrated  by  John  E.  Sowerby. 

Described,. with  an  Introduction  and  a  Key  to  the  Natural  Orders,  by  0.  Pfbb- 
POiiTT  JOEINSOX.  Re-issue,  to  which  is  now  added  a  SUPPLEMENT  oontainuiff 
180  new  figures,  oomprising  lately  discovered  Flowering  Plants,  by  Johk  w. 
Salter,  A.L.S.,  F.O.S.;  and  the  Ferns,  Horsetsils,  and  Club-Mosses,  by 
Johk  £.  Sowebby.    Large  8vo,  with  1780  Coloured  Figures,  £3  St. 

AN  ILLUSTRATED  KEY  TO  THE  NATURAL  ORDERS  OF 

BRITISH  WILD  FLOWERS.  By  John  R  Sowbbbt.  With  9  Plates,  con- 
taining 112  Coloured  Figures.    8to,  7«.  M. 

BRTTISH    POISONOUS    PLANTS.     Illustrated    by    John    E. 

Sowbbbt.  Described  by  Chables  Johnsok,  Botanical  Lecturer  at  Guy's  Hoa- 
pital ;  and  C  PiRBPOiirr  Johksov.  Second  Edition,  containing  the  principal 
Poisonous  FungL    Post  8to,  with  33  Coloured  Plates,  Of.  6d. 

FERNS  OF  THE  BRITISH  ISLES.    Described  and  Photoffraphed 

br  St.  C.  With  20  Plates,  giring  photographs  of  all  the  Species,  Woodcuts 
snowing  the  Fructiflcation,  and  an  Illustrated  Glossary  of  Terms.    8to,  10«.  9d, 

NEWMAN'S  BRITISH  FERNS,  comprising  under  each  species 

oareftilly  accurate  Figures,  detailed  Descriptions,  an  ample  List  of  Localities, 
and  minute  Instructions  for  Cnltivating.  Demy  8to,  18«.  Small  Edition,  Foap. 
8to,  2». 

JOHN  VAN  VOOBST,  1  PATEBN08TEB  BOW, 


10  BOOKS  PUBLI8EED  BY  MR.  VAN  VOORST. 


THE  BRITISH  FERNS  AT  ONE  VIEW.     By  Brrtholb  Skb- 

MAKK,  Ph.D.,  F.L  B.  Folding  Bheet  with  detmDtio&s  of  the  Ordera.  Tribea, 
and  Geoerft,  and  a  ColoaiH*d  Figure  of  a  portion  of  each  Species.     8to«  doth,  6§, 

MANUAL  OF  THE  BRITISH   MARINE   ALG^,    contoining 

Oeneric  and  Bpecific  Deacriptiona  of  all  the  known  Britiah  Speciea  of  Bemr 
weedi.  with  PUtea  to  illoatrate  all  the  Genera.  Bj  Frofeaaor  W.  H.  Habtst. 
8to,  £1  1#.    Coloured  Copies,  £1  11«.  6d, 

AN   ELEMENTARY   COURSE    OF   BOTANY:     STBucTimAi,, 

PiiYsioLooiCAL,  A3fD  Btstematic.    Bt  Profefi§<Mr  ARTHirit  Hescfrkt,  P  RB 
F.L.K.,  kc    Illurtraied  bj  upwanli  of  W)0  Wooduatci    Third  Edition,  bv  Max- 
WKi.L  T.  MA8TEB8,  M.D.,  F.K.S.,  F.L.S.,  &c.,  Kxaminer  in  Botany  to  the  Uni- 
Tersity  of  London.    Poet  8to,  Ibt. 

RUDIMENTS    OF   BOTANY.      A  Familiar  Introduction    to   the 

PttHlj  of  Planta.  Bj  Profkssob  Hskfret.  With  lUoatratiTe  Woodcota. 
Beoohd  Edition,  fcp.  8vo,  3«.  HtL 

A  SET   OF  SIX  COLOURED  DIAGRAMS:    fop  Schoole  and 

Lectures.    Bj  Profeaaor  Uesfrey,    15». 

VEGETATION  OF  EUROPE,  ITS  CONDITIONS  AND  CAUSEa 

fij  ProfvMor  Hexfbey.    Fcp.  8to,  5«. 

WEEDS  AND  WILD  FLOWERS.    By  Lady  Wilkinson.     Post 

Sto,  with  Coloured  Engranngfl  and  Woodcnti,  lOf.  M. 

WALKS    AFTER    WILD    FLOWERS;    or  the  Botany  of   th« 
Bohereens.    Bj  Richard  Dowdsn.    Fcp.  8to,  it.  Hd. 

THE  BRITISH  RUBI ;  an  attempt  to  discriminate  the  Species  of 

Hufwg  known  to  inhabit  the  Britiah  lales.  Bj  Profeator  Babuvotoit.  Fod 
8to,  6#. 

FLORA  OF  EASTBOURNE ;  being  an  Introduction  to  the  Flower- 
ing Piantu,  Fema,  &o.  of  the  Cuokmere  Diatriet,  East  Snaaex.    Br  F.  G.  8 
RoPKB.  F.L.a,  F.a.B.,  &c.,  Preaident  of  the   Saatbonme  Natonii   HiaUxrr 
Society.    Post  8to,  with  a  Map,  it.  6d.  ' 

FLORA  OF  SURREY' :  or,  A  Catalogue  of  the  Flowering  Plants 

and  Fema  found  in  the  OoQnt]r,  with  the  JLocalittea  of  the  rarer  Speoiea,  from 
the  MSB.  of  the  late  J.  J).  BaLMOIT.  F.L.B.,  and  from  other  Sonroet.  Compiled 
hj  J.  A.  Bbkwkb.    Fcp.  8vo,  with  2  Maps,  7«.  M. 

CONTRIBLTTONS  TOWARDS  A  CYBELE  HIBERNICA.     By 

David  Moobe,  Fh.D.,  &&,  and  A.  O.  Mobr,  FJjS.    Poat  8to,  10«.  ed.  ^ 

FLORA    OF  CAMBRIDGESHIRE;    or,  A  Catalogue  of  Plants 

found  in  ihe  County  of  Cambridf{e,  with  Reference  to  former  Catalcwnea  and 
the  Localitica  of  the  Rarer  Speciei.    By  C.  C.  Babin QTOlf,  M.A^  F.R.8.,  F.I<.8. 
fto.    12mo,  with  a  Map,  7«.  *  *' 
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FLORA  CAPENSIS ;  beine  a  Systematic  Description  of  the  Plants 

of  the  Cspe  Colonj.  CaffVana,  and  Port  Natal.  Bj  Professor  Hjlbtkt  and  I>r. 
SoxDKB.  Vol.  L  RanonoulaceaB  to  Connaraoesp,  8to.  12«.  YoL  II.  Legomi- 
noMS  to  LoranthaoesB,  12*.    YoL  III.  Bubiacess  to  C^unpanalacess,  18«. 

THESAURUS  CAPENSIS ;  or,  Llustpations  of  the  South-African 

Flora;  being  Figures  and  brief  Descriptions  of  Sonth- African  Plants,  selected 
from  the  Dublin  UniTersity  Herbariom.  Br  W.  H.  Hartkt,  M.D.,  F.B.8., 
Professor  of  Botanj  in  the  UniTersity  of  Dublin,  and  Keeper  of  the  Herbariom. 
8to,  Yols.  L  &  II.,  each  with  1(X)  Plates,  unooloored,  £1 1«.  each. 

FLORA  C  ALPENSIS.    Contributions  to  the  Botany  and  Topography 

of  Gibraltar.    By  £.  F.  KfiioABT,  M.D.,  F.L.S.,  ace.    8to,  10«.  M. 

REFUGIUM  BOTANICUM;    or,  Figures  and  Descriptions  from 

Liying  Specimens  of  Little-known  or  New  Plants  of  Botanical  interest.  Edited 
by  WT  W LL80N  Sauxdkrb,  F.B.8.,  F.L.8.  The  Descriptions  by  H.  O.  Rkichkx- 
BACH,  Professor  of  Botany  and  Director  of  the  Botanic  Oaraen,  Hamburg,  J. 
O.  Bakeu,  F.L.8.,  Assistant  Curator  of  Kew  Herbarium,  and  other  Botanists. 
The  Plates  by  W.  H.  Fitch.  Vols.  I.,  lU.,  &  V.,  £1  6«.  each,  half-bound. 
YoL  II.  Parts  1  &  2,  and  YoL  Y.  Part  1,  7«.  M.  each,  sewed. 

ICONES  PLANTARUM  INDL^  ORTENTALIS ;  or,  Plates  and 

Descriptions  of  New  and  Rare  Plants,  chieflr  from  Southern  India.  By  Huor 
B.  H.  Beddoms,  Officiating  Conaerrator  of  Foresto  (Madras).  Parts  1  to  15, 
royal  4ko«  sewed*  6t.  (ki.  each. 


THE  FERNS  OF  SOUTHERN  INDL\.,  being  Descriptions  and 

—  - ..     «  ...     ^,  ,       «      ,.  «    "  ptain  B.  H.  Beddojt" 

>artfl  1  to  ao,  £6  10*. 


Plates  of  the  Ferns  of  the  Madras  Presidency.    By  Captain  B.  'A.  Bkddoju, 
OffioiatingOonsarTator  of  Forests.    Demy  4to,  sewed.    Ps 


FERNS    OF    BRITISH    INDIA.     By  Captain  Beddome.     4to, 

Yols.  L  &  II.,  £4  each,  and  8  Parts, ««.  6<l.  each.— SUPPLEMENT  to  the  same, 
£1. 

NEREIS  BOREALI- AMERICANA ;   or,  Contributions  towards  a 

History  of  the  Marine  Aln  of  the  Atlantic  and  Padflc  Coasts  of  North  kmmiruyf. 
By  Professor  Habyst.    Boyal  4to,  with  60  Coloured  Plates,  £3. 

INDEX  GENERUM  ALGARUM ;  or,  A  Systematic  Catalogue  of 

the  Genera  of  Al^,  Marine  and  Freshwater :  with  an  Alphabetical  Key  to  all 
the  Names  and  Synonyms.    By  Professor  Habyey.    8to,  sewed,  2».  9d, 

MYCOLOGICAL  ILLUSTRATIONS.  Being  Figures  and  Descrip- 
tions of  New  and  Bare  Hrmenomycetous  Fungi.  Editedby  W.  WuLSOK  Saun- 
ders, F.L.S.,  and  Wortbixotoh  G.  Smith,  F.L.S.:  assisted  by  A.  W.  Bxx- 
VETT,  M JL,  FJi.8.    Parts  1  &  2,  super-royal  8to,  sewed,  10*.  6d.  each. 

PRINCIPLES  OF  THE  ANATOMY  AND  PHYSIOLOGY  OF 

THE  VEGETABLE  CELL.  By  Huoo  Vox  Mohi..  IVanalated,  with  th« 
Author's  permisnon,  by  Abthub  Heittbst,  F.B.8.  fto.  8to,  with  aa  IUufltr»- 
tiTe  Plate  and  nomerous  Woodonta,  7«.  ed. 
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GEOLOGT  AKD  IQNEEALOGY. 
HISTORY  OF  JiKITISH  FOS^SIL  MAMMALS   AND    BIRDS. 

Ily  ProftfMor  OwKX.  Thin  Tolume  is  dMifpunl  sa  •  commnioa  to  that  bj  Pro- 
f«>Mor  Dkli.  on  thn  Rcoent  Mammali*,  *  British  QuAorupeds  and  Cetao«a.' 
»vo.  with  237  Illuttratioiu.  £1  11#.  6J. 

THESAURUS  SILURICUS.    The  Flora  and  Fauna  of  the  Silurian 

Pi'riod,  with  Addenda  (from  recent  acquinitionf).    Bj  JoHsr  J.  BlosBT    M J> 
F.G.8..  &c.    4to.  boards.  lU. 

Bj  the  same  Author :~ 

THESAURUS  DEVONICO-CARBONIFERUS.     The    Flora  and 

Fauna  of  thi>  Deronian  and  Carl)oniferous  Periods.  The  Genora  and  Species 
arranged  in  Tabular  Form, showing  their  Uorisons,  Becurrenoea,  IfOcalities,  and 
other  facta ;  with  large  Addenda  from  recent  aoquiaitiona.    -ito,  boards,  £1  16«. 

PIGURES  OF  CIIARACTERISTIO  BRITISH  FOSSILS ;   with 

Explanations  of  thtt  Plates  and  DeacriptiTe  Rcmarka  Bj  William  Hkix.ikb 
Baily.  F.L.8.,  F.G.S.,  M.K.I.A.,  Acting  PaUeontoloffist  to  the  Oeoloffical 
Kurt-ej  of  Ireland,  ftc  Vol.  I. — PaUnosoic.  with  42  Lithograohio  PlateaToon- 
taining  oTer  7U0  Figures  and  acTeral  Woodonta  Sto*  £1  1«.  plain  ;  £2 
oolouml. 

THE  YORKSHIRE  LIAS.    Ry  R.  Tate,  A.L.S..F.G.S.,and  J.  F. 

Blakk,  M.A.,  F.O.R.  Illustrated  by  WoodcuU,  10  Lithographed  PlaUa  of 
Fossils,  and  a  large  Geologicallj  Coloured  M^.    8to.  £1  8«. 


Motes  and  Additions,  post  Hto.  with  manj  Illuatrationa,  12«. 


THE  AN'CIEXT  WORLD.    By  Frofessor  Ansted.    Second  Edi- 
tion, i>ost  8TOk  with  149  Illustrations,  10*.  M.. 

aOLD-SEFJCER'S  MANUAL.     By  l^fessor  Ansted.    Fcp.  8vo 
GEOLOGIST'S  TEXT-BOOK.    Chiefly  intended  as  a  Book  of  Be- 

ferencc  for  the  Geological  Student.    By  Pfofeasor  AxsTED.    Fcp.  8to.  a*.  6d. 

A  GEOLOGICAL  INQUIRY   RESPECTING   THE   WATER- 

BEARING  BTBATA  OF  THE  COUNTRY  AROUND  LONDON,  with  Befer- 
enco  i>«i>ei'iallT  to  the  Water  Bupi>lv  of  the  Metropolis ;  and  including  aoma 
Remarks  on  Springs.  By  JoSKPU  PJUUTWICli,  F.R.8.,  F.G.8.,  &c  Svo.  with 
a  Mai)  and  WoodcuU,  U,  M.  ^      ^ 

THE   (JROUND   liENEATII    US.      Its  Geological  Phases   and 

Changes,  being  three  Lectures  on  the  Geology  of  Clu^ham  and  the  neifrhboor- 
hood  of  London  generally.  By  J.  Pbkstwioh,  F.B.S.  &c.  8to,  aewmL  with 
a  Plates,  3s.  M.  ^       "* 

JOHN  VAN  VOOBST,  1  PATEBNOSTEB  B01V. 
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LECTURE  ON  THE  ANTIQUITY  OF  MAN,  Illustpated  by  the 

Contents  of  CsTes  and  Belies  of  the  CaTe-Folk.'  Bj  Profeeaor  T.  BuPEBT 
Jones,  F.B.8.,  F.G.S.,  Aco.  8to,  sewed,  with  folding  Sheet  of  Sections  and 
Illustrations,  1«. 

GEOLOGY.    By  Professor  John  Mobbis,  F.G.S.  &c.,  and  Profeasor 

T.  BuPKBT  JOKES.  F.G.S.  fro.  First  Series.  Heads  of  Leotores  on  Geologj 
and  Mineralogy  in  several  Courses.    Fq;>.  8to,  2».  M. 

MANUAL  OF  THE  MINERALOGY  OF  GREAT  BRITAIN 

AND  IRELAND.  Bj  Robebt  Philips  Obso,  F.G.S.,  and  William  G. 
Lettbox.    8to,  with  numerous  Woodcuts,  16«. 


:i:^'ii: 


TRY. 


ON  ALKALI  MANUFACTURES.    By  Professor  Lunge,  of  Zurich. 

In  the  press. 

EXPERIMENTAIi  RESEARCHES  IN  PURE,  APPLIED,  AND 

PHYSICAL  CHEMISTRY.  Bj  E.  Fbanklastd,  Ph.D.  (Marburg),  D.O.L.. 
F.R.S.,  Professor  of  Chemistry  in  the  Boyal  School  of  Mines,  fro.  In  one  thick 
Volume,  8to,  £1  lU.  6d. 

LECTURE  NOTES  FOR  CHEMICAL  STUDENTS.  By  Pro- 
fessor Fbaicxlahd.  Post  Sva  Filth  Thousand.  Vol.  I.  (Inorganic),  O. 
Second  Edition.    Vol.  II.  (Organic),  5s. 

CHEMISTRY:    General,  Medical,  and  Pharmaceutical;   including 

the  CThemistrj  of  the  British  Pharmacopona.  Bj  JoHir  Attfisld,  Ph.D., 
F.C.S.,  Professor  of  Practical  Chemistry  to  the  Pharmaoeutioal  Society  of  QnaJk 
Britain,  &0.    Sixth  EdiUon.    Illustrated.    PoetSTO,  16«. 

THE  LABORATORY  GUIDE :  A  Manual  of  Practical  Chemistry  for 

Colleges  and  Schools.  Specially  arranged  for  Agricultural  Students.  By  A.  H. 
Chubch,  M.A.,  Professor  of  Chemistay  in  the  Agricultural  College,  CirenoMter. 
Fourth  Edition  (Rerised).    6s.  tfd 

A  MANUAL  OF  INORGANIC  CHEMISTRY;  Arranged  to  fad- 

litate  the  Experimental  Demonstration  of  the  Facts  and  Principles  of  th« 
Science.  Br  Professors  C.  W.  Eliot  and  F.  H.  Stobjeb,  of  the  Massachusetts 
Institute  of  Technology.    Second  Edition  (Revised).    Crown  8to,  lOt.  6rf. 

ELEMENTS    OF   HEAT    AND   OF   NON-METALLIC    CHE- 

MISTRY.  Bt  Fbkdebick  Guthbie,  BjL,  Ph.D..  &a.  late  Professor  oT  Che- 
mistry  and  Pnysics,  Royal  College,  Mauritius.  Intended  for  the  use  of  Can- 
didates fOT  the  MatricuJfation  Pass  Examination  of  ^e  UniTersity  of  London. 
Post  8to,  U, 

JOHN  VAN  VOORST,  1  PATEBNOSTEB  BOW. 
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DESTRUCTIVE  DISTILLATION :  A  Manualette  of  the  Paraffin, 

Co*l  Tar,  Rodn  Oil.  PeCroleiim,  and  Kindred  IndiutriM.  Bj  Eds«u:>(D  J. 
Mills.  D.Bc.  (Lond.),  F.B.8.,  ''Toong"  ProfeMor  of  TWhnical  Ohemieter  in 
Andenoa'B  College,  GUiffOw.    Sto,  2«.  M. 

THE  MECHANICAL  THEORY  OF  HK\T,  with  its  Applications 

lothe  Bte«m-Engiiie  and  to  the  Phrneal  Pro^rtiee  of  Bodies.  Bj  B.  Clausius, 
Profenor  cf  Phjiiot  in  the  UniTeriitj  oS  Zanch.  Edited  bj  T.  i^CHXB  Hibst, 
F.E.8^  ProfeMor  of  Mathematiot  in  Unirenity  Collc^,  London.  8to,  doth* 
1&«. 

HANDKCK)K  OF  CHEMICAL  MANIPULATION.     By  C.  Grk- 

tillk  Williams,  Ute  Principal  AatUtant  in  the  Laboratories  oif  the  UniTev 
■Itiei  of  Edinburgh  and  Olaagow.  Pott  8to,  with  Terj  nomeroos  Woodcat 
lUoatrationi,  16#. 

DISCURSIVE  CHEMICAL  NOTES  IN  RHYME.    By  the  Author 

of  the  *  Chemical  Beriew/  a  B.    Part  I.  The  Non-Metalliet.    ^wed,  1«. 

JOURNAL  OF  THE  CHEMICAL  SOCIETY.    8vo.     PubUshed 

IConthlj.    Annoal  Subtohption,  £i  10*. 

INDEX  to  the  First  Twenty-five  Volumes  of  the  JOURNAX  OF 

THE  CHEMICAL  SOCIETY  (1848  to  1872)  and  to  the  MBMOIBS  AND 
PB0CEEDIN08  (1841  to  1847).  CompUed  hj  Hkxbt  WAirn,  B.A..  F.R.S., 
he    8to,  sewed,  2§,  6rf. 

laCBOSCOPT. 

THE  MICROGRAPinC  DICTIONARY :  A  Guide  to  the  Exami- 
nation and  InTestigation  of  the  8traotiire  and  Nature  of  Microsooino  ObjeoCa. 
Bj  J.  W.  Gbiffitu,  M.D.  fto..  and  Professor  Hkhfrky.  Third  Edttioa. 
Edited  bj  Dr.  (iRirFlTH  and  Professor  Martin  Dunoak,  M.B.  Lond.,  F.R.8. 
ftc.,  assiited  bj  the  Bev.  M.  J.  Bkrkelky,  M.A.,  and  Professor  T.  Bupkbt 
JOWKS.  F.BJ.    8to,  oloth,  with  48  Newlj  Engrared  Plates  and  manj  Woodcuta. 

AN  ELEMENTARY  TEXT -BOOK  OF  THE  MICROSCOPE. 

Including  a  description  of  the  Methods  of  Preparing  and  Mounting  Objeots  &c.. 
bj  Dr.  (JRirriTH,  with  12  Coloured  Platei,  containing  451  Figures,    rost  8to 
7S.6A 

MICROSCOPIC  OBJECTS  FIGURED  AND  DESCRIBED.      By 

JOHX  H.  Mabtik,  Hon.  Sec.  to  the  Maidstone  and  Mid-Kent  Natural  Hiatory 
Society.    8to»  doth.  IM  Illustrations,  14*. 

A  TREATISE  ON  THE  CONSTRUCTION,  PROPER  USE. 

AND  CAPABILITIES  OF  SMITH.  BECK,  AND  BECK'S  ACHBOMATid 
MICBOSCOPE.  By  BiCHABD  Beck.  Boyal  8to,  with  numerous  Ulusfemiioiia. 
£1  is. 
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LOCAL  AKD  GENERAL  NATURAL  HISTORY,  Ac. 

THE  NATUKAL   HISTORY  AND  ANTIQUITIES  OF  SEL- 

BOBNE,  in  the  Coontj  of  Southampton.  By  the  late  Bev.  Gilbert  Whits, 
formerly  Fellow  of  Oriel  Colleee.  Oxford.  Edited  br  Thomas  Bell,  F.B.8., 
F.L.S.»  F.G.S.,  ftc,  FrofeMor  of  Zoology  in  King's  Oolfege,  London.  With  iteel 
Flate  and  other  Illastrations,  2  Volt.,  demj  8vo,  £1  11«.  64.  A  few  oopiee  ham 
been  printed  on  larger  paper,  royal  8to,  with  the  Flatei  on  India  pi^r,  £3  it, 

THE  NATURAL  HISTORY  OF  SELBORNE.    By  the  late  Rev. 

OiLBEBT  WHiTRy  M.A..  with  Notes  by  the  Bev.  Leokabd  Jkstkb,  MJL,V.L,S., 
&o.    Fep.  8to,  with  26  liliutrationi,  U,  6if. 


NATURAL  HISTORY  OF  THE  COUNTY  OF  STAFFORD; 


Supplement,  2».  6d, 


THE  NATURAL  HISTORY  OF  THE  EUROPEAN  SEAS.    By 

the  late  Professor  Edward  Forbes,  F.B.S.  &o.  Edited  and  Continued  by 
BoBERT  Godwin- AusTsx,  F.B.8.    Fcp.  8to,  6t, 

THE  CANADIAN  NATURALIST.     By  P.  H.  Gossb,  F.Ra 

With  44  Illustrations  of  the  most  remarkable  Animal  and  Vegetable  productions. 
Post  8to,  12*. 

GATHERINGS   OF   A    NATURALIST  IN   AUSTRALASIA: 

being  Obserrationsprincipally  on  the  Animal  and  Vegetable  Productions  of 
New  South  Wales,  New  Zekland,  and  some  of  the  Austral  Islands^  By  GEORex 
Bennett,  M.D.,  F.L.S.,  F.Z.8.  8to,  with  8  Coloured  Plates  and  24  Woodcuts, 
21«. 

NATURAL   HISTORY   OF    THE   AZORES   OR   WESTERN 

ISLANDS.    By  FREDERICK  DuCakx  Godman,  F.L.S.,  F.Z.S.,  &c.    8to,  9». 

AUTUMNS  ON  THE  SPEY.    By  A.  E.  Knox,  M.A.,  F.L.S.,  &c. 

Post  8to.  with  4  Illustrations  by  Wolf,  6«. 

LETTERS  HOME,  FROM  SPAIN,  ALGERIA,  AND  BRAZIL, 

during  past  Entomological  Bambles.  By  the  Ber.  BLamlbt  Clabk,  ILA., 
FJ<.S.    With  6  Chromolithographio  Plates.    8to,  doth,  7«.  M. 

NATURAL  HISTORY  OF  TUTBURY.    By  Sir  Oswald  Mosley, 

Bart.,  D.C.L.,  F.L.S.  Together  with  the  Fauna  and  Flora  of  the  district  sur- 
rounding Tutbury  and  Burton-<«-Trent,  by  Edwin  Bbowh.  With  aa  Appendix. 
Bojal  8to,  £1  U. 

A  NATURALISTS  RAMBLE  TO  THE  ORC ADES.  By  A.  W. 

Crichton,  BJL.,  FX.ST,  F.Z.8.    Fopi  8to,  4t. 

PRODROMUS   FAUN^  ZEYLANICiE,  being  Contributions  to 

the  Zoolo^  of  Ceylon.  By  £.  F.  Kblaabt,  If.D.  Edin.,  FX.S.,  FJ5.S.,  Staff- 
Surgeon,  Ceylon.    8to,  10*.  6d. 
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ZOOLOGICAL  CLASSIFICATION :  A  Handbook  of  Reference, 

with  Tabln  oi  the  Sab-kiiiffdoina,  Clmmet,  Ordera,  &a,  of  the  Animal  KinKdom* 
their  Ch«ncteni,  and  Liete  of  the  Families  and  prinoipal  Genera.  Bf  Fbaxcib 
P.  Pascok,  T.LJB,  fto.    B<^  18mo.  6t.  M. 

ESSAYS  AND  OBSERVATIONS  OX  NATURAL  HISTORY, 

ANATOMY.  PHYSIOLOGY,  PSYCHOLOGY,  AND  GEOLOGY.  By  Johji 
HuxTKB,  F.R.8.  Beinf  hia  Poethumoai  Pajtera  on  those  nbiecta,  arranMd 
and  reTieed,  with  Notes,  by  Professor  BicuxRD  Owen,  F.R.8.,  D.CX.,  IIe^. 
9Yo1s.8to,£11U.  M. 

ANATOMICAL  MANIPULATION;   or.  The  Methods  of  pursuing 

Practical  InTestigations  in  Comparatiye  Anatomy  and  Physiology.  Also  «i 
Introdaction  to  the  Use  of  the  Microscope,  8k.  By  Ai.fbrd  Tulk,  M.R.C.8., 
U.E.K,  and  Arthvb  HxirrRET,  FX.S.,  lC.Micr.8.  With  lUostrattTe  Di^ 
grams.    Fcp.  8to,  0«. 

FIRST  STEre  TO  ANATOMY.    By  James  L.  Drummond,  M.D., 

ProfeMor  oi  Anatomy  and  Physiology  in  the  Bel&st  Boyal  Institution.  With 
12  IllostratiTe  Plates.    12mo,  6§. 

GENERAL  OUTLINE  OF  THE  ORGANIZATION   OF   THE 

ANIMAL  KINGDOM*  AND  MANUAL  OF  COMPARATIVE  ANATOITY. 
By  T.  Btmkr  Jo!<rK0.  F.R.8.»  Professor  of  ComparatiTe  Anatomr  in  King's 
College,  London,  late  Fnllerian  Professor  of  Phynolocy  to  the  Royal  Institution 
of  Great  Britain,  &o.  &o.  Fourth  Edition,  illnstrateaby  571  Bngrarings.  8to. 
£11U.M. 

NATURAL  IHSTORY  OF  ANIMALS;  beinj?  the  Substance  of 

Three  Courses  oi  Lectures  delirered  before  the  Karal  Institution  of  Or««t 
Britain.  By  T.  Btmicr  Jo.f  S8,  F.R.8.,  Professor  of  Zoo\<mj  in  King's  College. 
London.  Post  8to.  YoL  L  with  105  Illustrations;  VoL  111  with  104  lUoaSn- 
tions,  12».  each. 

RESEARCHES  IN  ZOOLOGY,  IlluBtrative  of  the  Structure,  Habits, 

and  Economy  of  Animals.  By  John  Blackwau.,  F.L.8.  Second  Edition. 
Sto,  7«.  <U. 

OBSERVATIONS  IN  NATURAL  HISTORY ;  with  a  Calendar 

of  Periodic  Phenomena.  By  the  Rer.  Lxokaed  Jxitths,  M.A.,  F.L.8.  Post 
8to,  lOf .  dd, 

OBSERVATIONS  IN  METEOROLOGY ;  relating  to  Temperature, 

the  Winds,  Atmospheric  Pressure,  the  Aoueoos  nienomena  of  the  A&noepher«, 
Weather  Changes,  &e.  By  the  Re?.  Csokabo  Jektks,  M.A.,  V.L.S.,  dec 
Post  8to,  lOf .  69. 

A  MANUAL  OF  NATURAL  HISTORY,  for  the  Use  of  Travel- 

lers;  beinc  a  Description  of  the  Families  of  the  Animal  and  Vegetable  ITiwg- 
doms;  wiOi  Remarks  on  the  Practical  Study  of  QwAcgj  and  Meteorology.    T^ 
which  are  appended^JDiiMtions  fbr  Collecting  and  Preserring.    By  Abtrijb 
A2>AMfl,  M.B.C.S.,  Wk.  Balpovb  Baikix,  IC.D.,  and  Charlxb  Babboh 
Curator oftheBqjalMnseum at HasUr.    Post8TO,lSt. 
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HUMBLE  CREATURES  (Part  I.)  :  THE  EARTHWORM  AND 

COMMON  BOUBEFLY.  In  Eight  Letters.  Bj  Jamrb  Samuklsoit,  aantted 
by  J.  Braxtoit  Hicks,  M.D.  Lond.,  F.L.S.  with  Mioroioopio  Illiutration* 
by  tile  Authors.    Second  Edition.    Post  8to,  U.  M. 

HUMBLE  CREATURES   (Part  H.)  :    THE  HONEY-BEE ;   its 

Natural  History,  Habits,  Anatomy,  and  Mioroscopioal  Beauties.  With  8  Tinted 
IllustratiTe  Plates.  By  Jambs  Samuelson,  assisted  by  Dr.  HiOKB.  PosI 
8to,  6t. 

THE  HONEY-BEE  j  its  Natural  History,  Physiology,  and  Manage- 
ment. By  Edward  Be  van,  M.D.  Berised,  Enlarged,  and  Illustrated  by 
William  Augustus  Muxn,  F.B.H.B.  &o.    Post  8to,  cloUi,  7«.  M. 

HiLUSTRATIONS  OF  INSTINCT,  deduced  from  the  Habits  of 

Britiah  Animals.  By  Jonathan  Couch,  F.L.8.,  Member  of  the  Boyal  Geo- 
logical Society  and  of  the  Boyal  Institution  of  Cornwall,  &o.    Post  8yo,  8«.  6<l. 

LETTERS  OF  RUSTICUS  ON  NATURAL  HISTORY.    Edited 

by  Ed  WARD  Newman,  FX.S.,  F.Z.S.,&o.    8to,  8«.  6<i. 

THE  PHH^OSOPHY  OF  EVOLUTION  (an  Actonian  Prize  Essay). 

By  B.  Thompson  Lownb,  M.R.G.S.,  F.L.8..  Lecturer  on  Physiology  at  th« 
Middlesex  Hospital  Medical  School,  ftc.    Post  8to,  cloth,  with  8  Plates,  bt.  M, 

ON  PARTHENOGENESIS ;  or,  the  Successive  Production  of  Pro- 
creating Indiriduals  from  a  Single  Ovum.  A  Discourse  delivered  at  the  Boyal 
College  of  Surgeons  of  England.    By  BiCHABD  Owen,  F.R.S.  &c.    Sto,  b*. 

CATALOGUE    OF    BRITISH    VERTEBRATED    ANIMALS. 

Printed  for  Labels.  8to,  sewed,  3«.  6A  The  names  derived  firom  Bell's  Quad- 
rupeds  and  Beptiles,  and  Yarrell's  Birds  and  Fishes. 

THE  ZOOLOGICAL  RECORD  (in  continuation  of  the  Record  of 

Zoological  Literature).  Edited  b^r  Edwabd  Caldwell  Btr,  F.Z.S.»  Libra- 
rian to  the  Boyal  Geographical  Society.  8vo,  cloth,  £1 10*.  each  annual  Volume. 
The  Becord  of  Zoolc^cal  Literature  commenced  with  the  year  1864. 

DESCRIPTIVE  ETHNOLOGY.    By  R.  G.  Latham,  M.A.,  M.D., 

F.B.S.,  &c.  2  Vols.  8to,  £1  12«.— The  portion  of  the  Work  on  THB  JBTHNO- 
LOGY  OF  INDIA  is  sold  separately,  price  16t. 

Other  Works  on  Ethnology,  by  Dr.  Latham  :— 

NATURAL  HISTORY  OF  THE  VARIETIES  OF  MAN.    8vo, 

Illustrated*  £1  U. 

ETHNOLOGY  OF  EUROPE.    Fcp.  8vo,  6s. 

ETHNOLOGY  OF  THE  BRITISH  ISLANDS.    Fcp.  8vo,  Bs. 

ETHNOLOGY  OF  THE   BRITISH   COLONIES  AND   DE- 

PBITDENCIES.    Fcp.8TO,6#. 

MAN  AND  HIS  MIGRATIONS.    Fcp.  8vo,  5s. 

JOHN  VAN  VOOBST,  1  PATEBNOSTEB  BOW. 


3»  hOOZH  yrBLlHBEh  BY  MB.  VaS  TOOB^T. 

MEMOIH   or    TU£    HF\.    J.    ??.    HKS^UjVfT.   M.A-. 


A  JJFK  OF  Lr^N-EL.S.     Bt  3li«  BMOHrrej.  of  Xcr«ici. 
r«|.  H'.  iff  <rf 

MKMOU:    OF    TIfF:    LIFE    AND    WORKS    OF     EDWAJiD 


GREAT   ART1.-;T.S  A\D   GRF-.\T  AXATO^OSTS  :    m   Bfic^m- 


TIIE  Z^XiI/X;i.ST-    A  ':ihlU-nit  MwjtLlv  JouniiJ  of  N»tarml  Historv. 

La^uA  ^/jJ.K  HAMTir^,  W.LA^  F^.9.,  £«. 


ABCHITECrUBE,  FIVE  AST,  kc 
ON  TIJE  ARCHITf:CTURAL  HISTORY  OF   ELY  CATITE 

UHAL.     by  tbe  &««.  1/.  J.  »»7SWAn,  UJL^  Miaor  Caaoa.     frvo,  ciocJh.  LU 

MANIAL  or  GOTHIC  MOLDINGS.     A  Practical  Treatise  on 

Ihfir  formationa,  gnAoMl  ^krvel^/fncvt,  c«NbbiiMtiona,  sad  rarieCic* :  «ith  faU 
i|ir*-'ij'#rjs  for  'w^piirif  th«ni  s&d  for  drtenhminf  Ub<nr  datr*.  lllatiat^  br 
ui'Wftrl*  'if  f*^t  fkmtui]*^.  tir  7.  A.  FaLLY,  Ji.A.  With  ainiMTaaa  additioa* 
Md  ixrjfin/t«iu«'nu  bj  W.  Jf.  FAacCTT,  V^    F^mrth  LditioB,  7«.  4rf. 

MANI:AL  OV  r;OTinC  AIK'HITECTTRE.    Bt  F.  a.  Palky, 

M  >l.  WjOi  ft  fuJI  Aorvwbt  'if  3f '/noneBtol  Btmpm  cad  KorWriaiTiml  Ccatome. 
F'-p.  nrv,  wiUt  7fl  IUa»trati<ia«,  4*.  <A 

THKATISK  CiN   THE   RISE   AND   PROGRESS   OF    DECO- 

KATKfi  WI5IXiW  TKACEKY  I.V  ENGLAND.  By  £i>xu»d  Skarpf, 
Jl .A.,  AffhiUitA.  evo,  Illiutrat4:d  with  97  Woodcoti  sad  4  EaienTiag*  on  it««], 
HJf,  4tf. 

RERII'><    OF    ILLUSTItATIONS    OF   THE  WINDOW  TRA- 

CKKY  OF  THK  IlFXTfRATED  HTTLE  OP  ECCLESIABnCAL  ABCHI- 
TFX.TL'UE.     KdiUid,  with  DeMrifiCiooa,  bj  Mr.  BBAmra.    60  Eagmriaa  en 

BAI'TIS.MAL  FONTS.    A  Series  of  125  EDgTariiigs,  examples  of 

th«  diffrmit  ytriodm^  •MMfttpaaied  with  BeMriptioai.  With  ui  Introdactorr 
KMfty  iij  F.  A.  Palkt,  V Ji.,  UoBorarj  BecrcCvy  of  tha  Cambridge  Caa^ab 
fkidcrij.    l»To,  £1  1«. 
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mSTRUMENTA  ECCLESIASTICA.    A  Seriea  of  Working  De- 

Bffns,  engraved  on  72  Plates,  for  the  Furniture,  Fittingi,  and  Decorations  of 
Churchea  and  their  Precincts.  Edited  by  the  £ccledlologi(»l,  late  CanabridKe 
Oamden  Society.  4to.  £1  11«.  M.— The  Secokd  Sebiss  contains  a  Oemeteiy 
Chapel,  with  Siok-house  and  G^atewaT  Tower— A  Wooden  Church — A  Chapel 
School — Schools  and  School-honses — A  Village  Hospital — An  Iron  Church — ^And 
Designs  for  Funeral  Fittings,  for  Timber  Belfries,  toA  for  a  Tarie^  of  Works 
in  Metal,  Wood,  and  Stone.    Price  also  £1  lis.  M, 

THE  CHURCH  RESTORERS.    A  Tale  treatinff  of  Ancient  and 

Modem  Architecture  and  Church  Decorations.  By  F.  A.  Palet,  M.A.  Fcp. 
8to,  4#.  6rf. 

PERRAN-ZABULOE ;  with  an  Account  of  the  past  and  present 

state  of  the  Oratory  of  St.  Piran  in  the  Sands,  and  remarks  on  its  Antiquity. 
By  the  Bev.  William  Hablam,  B.A.    Fop.  8to,  it,  td, 

THE    VICAR    OF    WAKEFIELD.      With  32  lUustrations  by 

William  Mulbxadt,  R.A. ;  engraxed  by  JoHir  Thompson.  Krst  reprint. 
Square  8to,  10s.  64. 

WATTS'S  DIVINE  AND  MORAL  SONGS.     With  30  lUustra- 

tiona  by  C.  W.  CoPE,  A.BJi..;  engraved  by  Jomr  THOMP802r.     Square  8to» 

GRAY'S  ELEGY  IN  A  COUNTRY  CHURCHYARD.     Each 

stanza  illustrated  with  an  EneraTing  on  Wood,  from  38  Original  Drawings. 
Elegantly  printed,  in  poet  8to,  cloth,  §«.  (Small  Edition,  3«.  M.>— A  Folyvlot 
Edition  of  this  Volume,  with  interpaged  Translations  in  the  Greek,  l^Min, 
German,  Italian,  and  French  Languages.    12s. 

GRAY'S  BARD.     With    Ulustrations  by  the  Hon.  Mrs.  John 

Talbot.    Post  8vo,  7#. 

SHAKESPEARE'S  SEVEN  AGES  OF  MAN.     Dlustrated  by 

Original  Doigns  drawn  on  Wood  by  Mnlready,  Constable,  Wilkie,  CoUina, 
Chaion,  Cooper,  Calloott,  Landseer,  and  Hilton.    8to,  6s. 

THE  FARMER'S  BOY  AND  OTHER  RURAI.  TALES  AND 

POEMS.  By  BOBSBT  Bloomfixld.  Fcp.  8to,  7«.  M.  With  18  Illuatrations 
by  Sidney  Cooper,  Horsley,  Frederick  Tayfer,  and  Thomas  Webster,  A.B.A. 

EMINENT  MEN  OF  THE  DAY.   Photomphed  by  G.  C.  Wallich, 

M.D.  Square  8to,  cloth  gilt,  £1  Is.  This  V<3ume  contains  16  Portraits  of  Men 
eminent  in  Sotenoe. 


3T:    or.   Seven  Eyesights    and    One  Object 

lBLE.'     By  B.  H.  HoBVK.  Author  of  'Orion.'     Second 


THE    POOR   ARTIST 

'SCIENCE  IN  FA] 

Edititm,  with  an  Bssay  on  Varieties  of  Yisioii  in  Man.    Fcp.  Sro*  with  a  Frontis- 
piece, 6s. 
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GEITEBAL  LrTERATUEE  AKD  SCIENCK 
EVENING  TIIOCJGHTa     By  a  Physician.     Post  8vo,  Second 

Edition,  i$.  6A— "We  oannoi  help  ez^readng  a  wish  that  these  'JBreiuBf 
Thoughts '  ma^  not  be  the  onlr  contribatioiM  to  general  lltermtnre  that  we  may 
haye  from  a  mind  to  powerfm,  eo  caltivated*  and  ao  gentle  aa  that  of  the  Phy- 
■ician  whose  pages  we  now  close." — Quardian. 

THOUGHTS  OF   A  PHYSICIAN.     Being  a  Second   Series  of 

*  Evening  Thonghts.'    Post  8t0)  cloth,  6#. 

ILLUSTRATIONS  OF  ARTS  AND  MANUFACTURES ;   being 

a  Selection  from  a  Series  of  Papers  read  before  the  Sodetj  for  the  Enoonrafement 
of  Arts,  ManufisM.'tures,  and  Commerce.  Bj  Ahthub  A1KI5,  FX.8.,  F.Q^^  fto., 
late  Secretary  to  that  Institation.    Fop.  Sro,  8s. 
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